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THE  WIND  DISSEMINATION  Or  TEX  BPOBES  OT  BUNT 
OR  STINKDrO  SMUT  07  WHEAT 
By  7.  D.  Heald  and  D.  0.  Georgs* 


INTRODUCTION 

Dnring  recent  years  the  increased  prevalence  of  stinking 
smat  in  the  wheat  fields  of  the  Indand  Empire  has  famished 
one  of  the  most  important  agricultural  problems.  This  disease 
has  beoi  a  growing  menace  to  wheat  production,  notwithstand- 
ing the  fact  that  seed  disinfection  has  been  very  generally  prac- 
ticed. No  satisfactory  explanation  had  ever  been  offered  for 
thia  rather  unique  condition  previous  to  the  investigations  upon 
which  this  report  is  based.  The  recognition  and  establishment 
of  the  eaoae  of  the  wide-spread  occurrence  of  stinking  smut  is 
fundamental  to  the  development  of  rational  and  effective 
Tnethods  of  control. 

The  wide-spread  occurrence  o£  a  fungous  disease  points  to 
an  effective  dissemination,  cither  natural  or  artificial.  Fun- 
gous troubles  may  be  seed-home,  or  they  may  be  disseminated 
by  wind,  water,  insects,  birds  or  other  animals  or  by  the  com- 
mercial or  agricultural  practices  of  man.  Since  early  times 
the  stinking  smut  of  wheat  has  been  recognized  as  one  of  the 
most  important  seed-borne  diseases,  and  st-ed  treatment  with 
fungicides  has  generally  been  effective  in  its  control.  The  fail* 
are  to  secure  the  desired  relief  by  seed  treatment  naturally  sug- 
gests some  other  general  method  of  dissemination  aside  from  the 
nse  of  infected  seed.  Work  was  begun  on  this  phase  of  the 
smut  problem  in  the  summer  of  1915  and  has  been  continued  up 
to  the  present  time.  Before  presenting  this  work,  a  brief  state- 
ment will  be  made  concerning  the  general  methods  of  dis- 
semination of  the  smut  fnngi  of.  cereals  and  the  time  when 
infection  take*  place. 
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THE  DISSEMINATION  OF  SHUT  FDNOI  OF  OESEALS 

The  various  smut  fungi  of  cere&ls  show  a  pronouuced  divers- 
ity in  the  methodB  of  spore  diseemiuation  and  in  the  time  when 
iofectioD  takes  place.  Three  geoeral  types  may  be  recognized 
and  a  brief  discussion  of  these  will  be  presented  in  order  that 
a  clear  view  may  be  obtained  of  the  particular  species  which 
forma  the  subject  of  this  study.  According  to  time  of  infection, 
the  three  groups  are  as  follows: 

1.  Species  producing  a  blossom  infectioD. 

2.  Species  infecting  growing  plants  or  those  approaching 
maturity. 

3.  Species  infecting  only  young  seedlings. 

In  the  first  group  the  smut  spores  reach  maturity  in  infected 
heads  at  a  time  when  the  flowers  of  the  normal  heads  are  in 
the  blossom  stage.  The  loose  powdery  mass  of  smut  spores  is 
dissipated  by  the  wind,  and  the  spores  carried  to  the  projecting 
feathery  stigmas  of  the  healthy  plants.  There  is  a  direct 
germination  of  the  spores  with  the  infection  of  the  young  de- 
veloping ovaries.  This  intraseminal  infection  causes  no  out* 
ward  indication  of  the  presence  of  an  internal  mycelium  and 
the  infected  grains  asamne  normal  form  and  size.  Such  in- 
fected grains,  when  planted,  may  produce  diseased  progeny. 
The  spread  of  the  disease  is  due,  first,  to  wind-home  spores 
during  the  blossoming  period,  and  second,  to  the  use  of  infected 
seed.  This  behavior  is  well  illustrated  by  the  loose  smut  of 
wheat  ('  UsHtago  tritici )  and  the  naked  smut  of  barley  {  Ustilago 
rtuda.) 

The  second  type  is  illustrated  by  the  common  smut  of  com. 
Young  plants  or  those  approaching  maturity  are  infected  by 
wind-bome  secondary  spores  or  sporidia,  which  have  resulted 
from  the  germination  of  the  smut  spores  in  the  surface  layers 
of  the  soil.  The  infections  in  this  ease  ore  localized  and  not 
systemic,  the  mycelium  penetrating  the  host  only  in  the  tissues 
adjacent  to  the  tumors,  Althoiich  spores  of  this  species  may 
be  spread  in  other  ways,  the  ivind  is  the  principal  agent  in  the 
work  of  disseioination. 

* 
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In  the  third  type,  which  includes  the  larger  Dumber  of  our 
cereal  smuts,  the.infection  can  take  place  only  during  the  young 
or  seedling  stage  of  the  host.  The  first  essential  for  infection 
ia  the  presence  of  smut  spores  in  close  proximity  to  the  germin- 
ating seeds.  These  spores  may  be  lodged  upon  the  seeds  and 
carried  with  them  into  the  soil,  or  they  may  already  be  in  the 
soil  at  the  time  of  seeding.  The  source  of  the  spores  in  the 
latter  case  must  be  either  from  a  previous  smutty  crop  on  the 
ground  (residual)  or  from  adjacent  or  distant  infected  fields 
(wind-borne).  Notable  illustrations  of  this  third  type  arc  loose 
smut  of  oats  (  UstUago  avtnae)  covered  smut  of  barley  (  UsHiago 
Attrdei)  and  bunt  or  slinking  smut  of  wheat  (  TiUetia  ttitici  and 
TiUetia  Joetans).  In  the  latter  species  all  of  the  above  sources 
of  uxfection  may  occur,  but  our  investigations  have  shown  that 
wind-borne  spores  are  very  prevalent  in  Eastern  Washington 
and  adjacent  territory.  This  is  a  phase  of  the  dissemioatinn  of 
hunt  which  will  receive  special  consideration  in  the  following 
pages. 

STUDIES  or  8TIMEIN0  SHUT  IN  WASHINaTON 

A  study  of  the  work  published  by  the  Washington  Experi- 
ment Station  shows  that  first  attention  was  given  to  seed  treat- 
ment the  same  as  in  other  wheat  regions  of  the  world.  By 
1911  the  increased  prevalence  of  smut  in  the  Inland  Empire 
due  to  fall  seeding  suggested  the  possibility  of  soil  infection 
and  the  part  of  wind-disseminated  spores  in  this  increase  was 
first  suggested  by  Richardson  in  a  thesis  written  in  1911  and 
further  elaborated  by  Heald  and  Woolman  in  1915  and  1916. 
The  following  publications  by  the  Washington  Station  are 
given  in  chronological  order  and  the  brief  summaries  show 
the  changing  conditions  and  the  development  of  our  knowledge 
on  the  life  history,  prevalence,  and  control  of  bunt : 

IMper,  ChM.  V. 

1893.  Common    fungous    diseases    and    methods    of  preTsntlon. 
Bui.  Wash.  Agr.  Bzp.   SU.   S:131-I44.      1S94. 
Description   of  stinking  smut  Incorrectly  referred   to  as 
Tillelia  /ottant  Berk,  ft  Curt.;  recommends  copper  sulphate 
and  hot  water  treatment,  p.  135-138. 
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Seattle,  R.  Kent. 

1902.  Tbe  tormalio  treatment  for  wheat  and  oat  smut.     Bui. 
Wash.  Asr.  Bxp.  8ta.  64:1-8. 

Considers  loss,  variation  Id  susceptibility  of  varieties,  de- 
scription of  smut,  copper  sulphate  and  hot  water  treat- 
men  ta. 

BeatUe,  R.  Kent 

1902.   (?)   The  lormolln  treatment  for  wheat  BDJut    Press  Bulle- 
tin Wash.  Agr.  Eixp.  Sta.  (unnumbered)  4  pages. 
Considers  nature  of  smut,  losses,  ineffectivenesB  of  biue- 
stono  treatment,  and  recommends  the  farmaUn  treatment 

LawreMce,  W.  H. 

1907.  Some  important  plant  diseases  of  Washington.    Bui.  Wash. 
Agr.  £zp.  Sta.  83:1-56.     1907. 

Stinking  smut  (  TilUHa  tritidi  described  and  tbe  formalde- 
hyde treatment  recommended,  p.  43-45. 
Humphrey,  H.  B. 

?      Tbe  preventing  of  the  stinking  smut  of  wheat.     Press 
Bulletin  (unnumbered)  Wash,  Agr.  Exp.  Sta. 


1911.  The  anti-smut  campaign.  Press  Bulletin  Wash.  Agr.  Bxp. 
Sta.  No.  1. 

Notes  loss,  increased  prevalence  due  to  fall  seeding,  possi- 
billtj'  of  soil  Infection  and  recommends  copper  sulphate  or 
formaldehyde  treatment. 

Rlclwrdson,  A.  U. 

1911.  A  comparative  study  of  the  methods  of  control  of  tbe 
stinking  smut  of  wheat.  Thesis  (unpubltstaed)  on  file  in 
Library,  State  College  of  Washington. 

Historical  statement,  life  history  of  tbe  fungus,  partially 
smutted  kernels,  wind  dissemination,  treatments:  hot 
water,  copper  sulphate  and  formaldehyde,  are  the  prinicpal 
topics  discussed.  Ineftecttveness  ol  the  two  methods  gen- 
erally employed,  blue  stone  and  formaldehyde,  reported  by 
practical  farmers.  Tests  of  formaldehyde  or  copper  sul- 
phate and  tbe  two  combined, 

Ilnmphrfty,  H.  B. 

1912.  Tbe  preventing  of  the  stinking  smut  of  wheat  Popular 
Bui.  Wash.  Agr.  Exp.  Sta.  48:1-3. 

Considers  copper  sulphate  and  formalin  treatment,  and 
points  to  soil  infection  as  explanation  of  certain  cases  of 
Ineffective  results;  also  records  failure  of  fungicides  to 
penetrate  smut  bails. 

Anonymons. 

1912.  Treating  seed  wheat  for  smut.  Newspaper  Bulletin  Wash. 
Agr.  Exp.  Sta.  No.  51. 

Recommends  either  the  [ormaiin  or  bluestone  seed  treat- 
ment; emphasizes  the  Importance  of  removing  unbroken 
smut  bolls  from  the  seed  grain. 
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Woolnum,  H.  M. 

1911.  Stinking  amut  of  wheat.  Popular  fiu7.  Wash.  Agr.  Exp. 
Sta.  73,  S  pages. 

Considere  life  history,  breeding  tor  reBistant  varieties,  dlf- 
terences  in  ausceptlbillty  of  varieties,  time  of  appUcatiou 
and  BtrGngth  of  copper  sulphate  or  forma.1dehy(]e  In  seed 
ti'eatmetit,  effect  ol  threshing  Injury  on  germinatloD  of 
treated  grain,  persistence  of  spores  In  soil  and  effect  oF 
time  of  planting  on  the  amount  of  smut. 

AiKMiTtDoiia. 

1914.  Smut.     Press  BulleUn  Waah.  Agr.  Exp.  Sta.  No.  113. 
Refers  only  to  Popular  Buleltin  73. 

Cavdif f,  L  D.,  et  al. 

1914.  Report  on  fires  occurring  In  threshing  separators  In  Bast 
Washington  during  the  summer  of  1914.  Bui.  Wash.  Agr. 
Exp.   Sta.   117:1-22. 

Demonstrates  that  smut  duat  Is  one  of  the  causes  of  ex- 
plosions la  threshing  separators  and  recommends  methods 
ot  prevention  and  control. 


1916.     Bunt  or  stinking  smut  of  wheat.     Newspaper  Bulletin 
Wash.  Agr.  Exp.  Sta.  No.  160. 
A  summary  of  results  reported  later  In  Bulletin  12S. 

He&ld,  F.  D.,  Mid  Woolmiui,  H.  H. 

19ie.  Bunt  or  stinking  smut  of  wheat.  Bui.  Wash.  Agr.  Exp. 
SU.  126:1-24. 

Considers  life  history  of  smut  funguB,  effect  on  the  host. 
Infection  from  smutty  seed,  infection  from  spores  in  the 
soil,  reetdual  or  wind  borne,  control  by  crop  rotation,  clean 
seed,  treatment  with  fungicides,  cultural  practices  and 
breeding  and  selection  ol  varieties. 

HeaM,  F.  D. 

1916.  Some  new  tacts  conceml&g  wheat  smut.  Proc.  Wash. 
State  QraJn  Qrewers,  Shippers  and  Millers  AasoclBtiou, 
1916:38-46. 

Bmphasizes  the  occurrence  of  partially  smutted  grains 
and  gives  further  evidence  of  a  general  and  extensive  wind 
dlBeemlnatlon  of  the  spores. 

WTootaMM,  H.  H. 

1916.  The  prevention  ot  wheat  smut.  Proc.  Waah.  State  Oraln 
Brewers,  Shippers  and  Millers  Aasociatloti,  1916:45-49. 
Emphasizes  the  importance  of  using  clean  seed  and  using 
one  of  the  standard  seed  treatmentsi  gives  methods  of 
combatting  soil  infection  from  previous  crops  or  from 
wind-blown  spores. 
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1916.  8mut.  Newspaper  Bulletin  Wash.  Agr.  Bxp.  Sta.  No.  191. 
EmptaaslEBB  the  eoi]  infection  by  wind-blown  spores  and 
recomiaendB  either  seeding  before  threshing  time  or  late 
seeding  or  the  abandonment  of  summer  tallow  wherever 
possible. 

POSSIBILITIES  0?  WIND  DISSEHINATION  OF  STINK- 
INOSMUT 

The  possibDities  of  a  wind  disaemiDation  of  bunt  or  stinking 
smut  have  been  mentioned  by  a  number  of  inveBti^ators.  The 
first  to  be  considered  is  the  possibility  of  the  production  of 
wind-borne  Eqporidia  or  secondary  spores.  This  is  not  an  un- 
known method  of  dissemination  in  cereal  smuts,  as  may  be 
noted  from  the  following  quotation  from  Brefeld:'  "Some  of 
these  bud  conidia  are  able  to  continue  their  budding  in  the  air 
also  and  to  form  conidia  there,  which  are  disseminated  through 
the  air;  as,  for  example,  the  ^bud  conidia  of  the  maise  smut," 

It  has  been  observed  that  when  spores  of  stinking  smut  are 
abundant  in  a  soil,  they  may  produce  promycelia  wbich  come 
to  the  top  of  the  moist  soil  and  produce  fascicles  of  aporidia 
in  such  profusion  as  to  caose  a  grayish  growth  visible  to  the 
naked  eye.  This  is  apparently  the  condition  which  Brefeld 
had  in  mind  when  be  mentioned  the  possibility  of  diffusible 
air  conidia  in  bunt,  or  Tilletia  species.  If  such  conidia  are 
borne  away  by  wind  or  air  currents,  we  have  no  evidence  at 
present  that  they  play  a  part  in  the  general  spread  of  stinking 
smut.  Von  Tubeuf,!  who  has  experimented  extensively  __with 
bunt  in  Europe,  states  that  there  is  no  spread  of  this  disease 
from  one  plat  to  another  and  therefore  concludes  that  there  is 
no  dissemination  by  aerial  conidia. 

There  is  little  possibility  of  any  wind  dissemination  of  sporea 
directly  from  the  smutted  heads  as  occurs  in  the  case  of  loose 

•Brefeld,  O.  Investigations  In  the  general  field  of  mj^ology. 
Part  XIII,  p.  7.     English  translation  by  Frances  Dorance. 

tVon    Tubeuf.    K.    F.      Arb.   aus    der    Biol.    Abtellung   f.    Lond- 
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nnnt.  The  smntted  berries  are  wholly  or  partially  concealed 
by  the  glomes  and  the  smat  mass  covered  by  an  encIoBing  meni' 
bnme.  OccasionaUy  there  may  be  a  mechanical  mpture  of 
the  enclosing  m^Wrane  or  the  depredations  of  insects  may 
recnilt  in  the  exposure  of  the  smut  spores,  bnt  there  is  no  evi- 
dence that  the  agitation  of  these  heads  by  the  wind  causes 
any  appreciable  liberation  of  the  spores.  Previoos  to  harvest 
time  there  has  been  little  or  no  opportunity  for  the  dissemina- 
tioD  of  the  smut  spores.  The  first  real  oppoTtnnity  offered  for 
the  setting  free  of  the  smut  spores  is  in  the  threshing  opera- 
tions. It  has  long  been  a  matter  of  general  observation  that 
many  of  the  smnt  berries  are  broken  in  threshing  and  the 
spores  dissipated.  The  extent  to  which  this  occurs  depends 
on  numerous  factors,  such  as  variety,  maturity  of  crop  at  har- 
vest, elimatic  conditions  and  speed  of  the  threshing  machine. 
Tbe  yield  from  very  smutty  fields  sometimes  shows  a  relatively 
small  onmber  of  unbroken  smut  berries,  the  greater  number 
having  been  bt-oken.  Part  of  the  spores  from  the  broken  smut 
kernels  adhere  to  the  surfaces  of  sound  grains,  or  are  lodged 
in  the  sutures  and  brushes,  but  many  must  be  carried  ont 
throi^h  the  straw  carrier,  or  stacker.  The  ultimate  fate  of 
the  latter  is  of  the  utmost  importance  and  indicates  ,the  possi' 
bility  of  wide-spread  dissemination  of  these  spores  by  the  wind. 

SUGGESTIVZ  EVIDENOE  OF  THE  WIND  DISSEMINA- 
TION OF  SMUT 

Various  observations  and  experiences  have  given  strong  sug- 
gfestive  evidence  of  the  wind  dissemination  of  the  spores  of 
bunt.  The  following  are  the  principal  suggestive  features  that 
were  brought  to  our  attention  and  led  up  to  the  work  which 
established  the  wide-spread  prevalence  of  wind-disseminated 


1.  The  visible  clouds  of  smut  dust  which  issue  firom  the 
threshing  machines  whenever  the  run  is  from  a  smutty  field. 
Evot  with  the  use  of  ordinary  separators,  the  innnmerable 
inimber  of  settings  must  certainly  set  free  into  the  air  eount- 
IcM  biUioni  of  spores,  while  the  use  of  the  combine  MrvM  t» 


an  even  more  effective  distributor.  It  muat  at  once  be  evident 
that  the  spores  in  these  visible  clouds,  being  very  minute,  do 
not  settle  to  the  ground  at  once,  and  that  their  final  place 
of  deposit  depends  largely  on  the  velocity  of  the  wind.  Any 
reflection  on  this  matter  would  certainly  lead  to  the  conclu- 
sion that  many  of  the  smut  spores  set  free  from  each  threshing 
operation  might  be  carried  away  for  miles  and  thus  scattered 
over  the  fields. 

2.  The  presence  of  smut  spores  on  vegetation  distant  from 
any  threshing  operation.  This  was  first  brought  to  our  atten-  - 
tion  when  maldng  microscopic  examinations  of  scab  lesions 
on  the  leaves  of  apple  trees  from  the  College  orchard.  Wind 
dissemination  of  the  spores  was  the  evident  explanation  for 
their  presence  in  such  a  location  and  this  accidental  discovery 
led  to  the  systematic  examination  of  foliage  from  various 
localities  as  will  be  discussed  later. 

'i.  Smutty  wheat  from  clean  seed  on  new  land.  This  has 
been  referred  to  in  a  previous  publication*  and  will  not  be 
r(;peated  in  full.  In  some  1914  plantings  on  new  soil  using 
hand-threshed  grain  from  smut-free  heads,  the  percentages  of 
smutted  plants  varied  from  a  fraction  of  one  per  cent  to  sixty 
per  cent.  No  other  possible  explanation  for  these  results  could 
lie  found  except  that  the  ground  had  been  seeded  with  wind- 
blown spores. 

4.  The  ineffectiveness  of  ordinary  seed  treatment  for  fall 
seeding.  Two  explanations  for  the  failure  to  secure  satis- 
factory results  by  seed  disinfection  had  been  given;  first,  the 
failure  to  remove  the  unbroken  smut  balls,  either  before  or 
during  the  process  of  the  treatment;  second,  soil  infection  due 
to  a  previous  smutty  crop  on  the  same  land.  When,  however, 
both  of  these  possibilities  were  eliminated,  carefully  treated 
wheat  frequently  showed  varying  percentages  of  smut  in  the 
crop. 

The  apparent  ineffectiveness  of  seed  disinfection  was  the 
principal  factor  which  led  to  the  recommendation  of  the  open 
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tank  mflthod  of  seed  treatment,  rather  than  to  tatj  actual 
demonstration  of  the  part  which  the  unbroken  smut  balls 
played  in  these  results. 

Spring  plantings  have  shown  little  or  no  smut  when  the  seed 
has  been  carefully  treated,  but  fall  plantings  on  eammer  fallow 
have  very  frequently  shown  high  percentages  of  smut.  The 
following  records  taken  from  information  collected  by  Dr.  H, 
B.  Humphrey  and  H.  M.  Woolman,  were  typical  of  the  farm 
conditions  in  the  vicinity  of  Pullman : 


Percentages  of  Smot  on  Wlnt«r  Wheat  with  Carefnl  Seed  Traktment 

(Bliutoiie) 
Tract         Year     Oa  Sum.  Fal.     Variety  Percentage  ol  Smut 


146 

Forty  Fold 

10-18  North  Slope 

144 

Red  Ruaaian 

20-25  North  Slope 

142 

Club  T 

30 

136 

HybHd  108 

21-24  South  Slope 

133 

Hybrid  128 

15-20  North  Slope 

129 

1914 

1913 

Red  RuBBlan 

15-20 

131 

1914 

1913 

Hybrid  143 

22  North  Slope 

POSITIVE  ZVIDZNCE  OF  WIND  DISSEMINATION  OF 
STINSJNG  SMUT 
Foliage  Oollectioiis.  The  discovery  of  the  spores  of  bunt  on 
the  leaves  of  apple  (already  mentioned)  led  to  a  more 
systematic  search  for  these  spores  on  the  foliage  of  various 
plants.  During  the  fall  of  1915,  leaf  collections  were  made 
from  various  localities  from  the  following:  prairie  sunflowers 
(Balsamorhiza),  apple,  maple,  cafalpa,  box  elder,  spiraea,  and 
snowberry  (Symphoricarpos).  Each  lot  (usually  25  leaves) 
was  put  at  once  into  a  clean  paper  sack  and  brought  to  the 
laboratory.  With  a  clean  test  tube  brush  Ihe  surfaces  of  each 
leaf  were  scrubbed  in  a  small  amount  of  distilled  water  in  a 
damp  chamber.  The  operation  of  scrubbing  was  carried  out 
in  the  laboratory  inoculation  chamber,  thus  allowing  no  spores 
to  enter  from  the  outside.  To  the  washings  was  then  added  a 
sufficient  amount  of  formalin  to  prevent  the  germination  of 
the  B^res,  and  the  entire  amount  placed  in  clean  flasks  or 

U 


bottles  properly  labeled  and  numbered.  Gounta  detennining 
the  approximate  number  of  sporee  present,  were  made  at  a 
later  date. 

The  quantitative  determination  of  the  nninber  of  bunt  spores 
found  present  on  each  lot  was  determined  by  the  following 
method.  The  flasks  containing  the  washings  were  thoroughly 
shaken  in  order  to  get  into  suspension  all  the  spores  present. 
With  a  1  G.c.  pipette  a  drop  was  removed  to  a  clean  slide  and 
covered  with  a  22mm.  slip,  the  edges  of  which  had  been 
smeared  with  vaseline  to  prevent  the  evaporation  of  the  water 
during  the  count.  By  use  of  the  mechanical  stage  the  diameter 
of  the  microscopic  field  was  definitely  determined.  In  count- 
ing, the  slide  was  placed  on  the  stage  and,  beginning  at  the 
upper  right  hand  comer  of  the  slip,  the  slide  was  moved  across 
the  field  of  view  the  exact  width  of  the  slip.  The  number  of 
spores  found  present  was  then  recorded  and  the  slide  moved 
up  the  diameter  of  the  field,  when  another  count  was  made. 
This  was  continued  until  the  entire  area  of  the  slip  had  been 
gone  over  and  all  the  spores  present  in  the  drop  had  been 
recorded.  The  sum  was  then  multiplied  by  the  number  of 
drops  found  necessary  to  make  a  single  cubic  centimeter,  the 
product  being  the  total  number  of  spores  present  in  a  cubic 
centimeter.  Ten  drops  were  counted  from  each  collection,  the 
number  of  spores  per  cubic  centimeter  determined,  and  the 
average  number  per  cubic  centimeter  multiplied  by  the  total 
number  of  cubic  centimeters  in  the  flask,  gave  the  number 
of  spores  to  each  collection  (approximately).  The  results  ob- 
tained are  presented  in  the  appended  table.    (Table  11.) 
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Apple 

26  3.631.792 

146,272 

3 

Roucd  Top 

Maple 

28     Z49,«ia 

8.914 

Round  Top 

Catalpa 

IE      693.594 

24,669 

Timber  ClaJm  3.W. 

Box  Elder 

26     616.519 

24,660 

Timber  Claim  E. 

Box  Elder 

2B      760,667 

30.422 

Timber  Qlalm  C. 

Box  Elder 

25     609,193 

24,367 

Kamlak  Bntte 

Spiraea 

30     Z66.476 

g,882 

KamUk  Butte 

Balsam  orhiza 

6       26,863 

4,726 

10 

Kamlftk  BuUe 

Syraphorlcarpoa 

22       31.317       1.423 

When  making  the  foliage  collections,  plants  were  selected 
-which  were  located  some  distance  from  any  wheat  field  or 
threshing  operation.  The  leaves  were  taken  from  the  varioas 
parts  of  the  tree  or  plant,  and  no  especial  attempt  was  made 
to  secure  leaves  showing  a  dense  collection  of  dust. 

Collections  No.  1  and  2  were  taken  from  two  different 
trees,  both  situated  in  the  northeast  corner  of  the  old  orchard 
on  the  Ck)llege  farm.  Collection  No.  1  was  from  a  large  well- 
matnred  tree,  with  rather  small  leaves.  No.  2  was  from  an 
adjacent  tree  which  was  younger,  growing  quite  vigoronsly, 
and  the  leaves  were  somewhat  larger.  Both  trees  were  on  a 
southeast  slope  and  situated  in  such  a  manner  as  to  be  quite 
well  protected  from  the  full  force  of  the  prevailing  westerly 
winds.  It  is  probable  that  bunt  spores  and  dust  would  tead 
to  settle  at  this  particular  point,  which  probably  accounts  for 
the  large  number  of  spores  found  on  these  collections.  Tb« 
nearest  wheat  field  was  at  least  a  half-mile  distant,  and  the 
pfamt  tbreelmff  operation  mnoh  fartber, 
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CoUectiona  No.  3  and  4  were  taken  from  seTcral  trees  located 
on  the  highest  point  of  the  College  farm.  These  trees  are  aot 
protected  in  any  manner  and  receive  the  full  force  of  the 
wind.  The  nearest  wheat  field  was  several  hundred  yards  to 
the  north  and  it  Is  extremely  doubtful  if  any  bunt  spores  from 
this  field  ever  settled  on  the  foliage  of  these  trees.  The  nearest 
wheat  fields,  west  of  this  point,  were  two  and  one-half  or 
three  miles  distant. 


Fig.  1.  Contour  map  of  Kamlak  and  vicinity,  photographed  from 
the  Pullman  Quadrangle  map  ot  the  U.  S.  Geological  Survey,  show- 
ing where  foliage  collectiona  were  made. 

Collections  Nos.  5,  6,  and  7  were  taken  from  a  timber  claim 
north  of  the  College  farm.  This  claim  was  located  at  the  top 
of  a  hill  and  was  snrromided  on  the  north,  west,  and  south 
sides  by  summer-fallow,  while  the  east  side  only  adjoined  a 
wheat  field.  As  the  prevailing  winds  are  mostly  from  the 
westerly  directions  it  would  indicate  that  if  bunt  spores  could 
be  obtained  from  the  foliage  within  this  claim,  the  summer 
fallow  adjoining  must  be  "seeded"  equally  as  heavily.  The 
foliage  collections  taken  from  the  southwest  comer,  the  center, 
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and  the  east  side  of  the  claim  gave  evidence  of  enough  spores 
present,  to  warrant  this  couclusion, 

ColIectioDs  Nos.  8,  9,  and  lU  were  secured  from  the  highest 
ridge  of  Kamiak  Butte  at  a  point  at  least  1000  feet  above  the 
burrounding  farms  and  two  or  more  miles  distant  from  the 
nearest  wheat  fields. 

Water  Spore  Traps.  The  faet  that  the  foliage  of  plants  bar- 
bored  bunt  spores  in  large  numbers  at  once  raised  the  question 
as  to  the  probable  number  of  spores  falling  on  a  square  inch 
of  surface  throughout  the  season.  In  order  to  determine  this 
the  use  of  the  water  spore-traps  at  once  suggested  itself.  A 
description  of  these  traps  and  their  method  of  use  is  given  in 
detail  by  Heald*  et  al.,  in  their  work  on  the  air  and  wind  dis- 
semination of  ascospores  of  the  chestnut  blight  fungus. 

Tn,^  for  191S.  Beginning  September  Ist  and  extending 
over  a  period  of  six  weeks,  ending  October  14th,  two  spore-traps 
were  stationed  on  the  college  farm  at  points  distant  from  any 
wheat  fields.  Trap  No.  1  was  located  at  least  one-fourth  mile 
from  the  nearest  wheat  field  and  about  one  and  one-half  miles 
from  the  nearest  threshing  operation.  Trap  No.  2  was  located 
on  a  point  just  south  of  Round  Top  (previously  referred  to), 
was  equally  as  far  distant  from  any  wheat  field  or  threshing 
operation,  and  with  regard  to  elevation,  was  at  least  150  feet 
higher  than  Trap  No.  1.  Collections  were  made  weekly  and 
all  ordinary  precautions  were  used  to  prevent  the  entrance  of 
spores  from  other  sources.  The  method  of  determining  the 
approximate  number  of  spores  present  in  each  collection  was 
the  same  as  that  described  for  the  foliage  collections.  The  re- 
sults are  presented  in  the  appended  table.     (Table  III.) 


•Heald,  P.  D.,  Gardner.  M.  W.,  and  Studhalter,  R,  A.  Air  and 
wind  dlBsemlnatlon  ot  the  ascosporea  of  the  chestnut-blight  funsu*. 
^oum.  A.gT.  Res.  3:493-526.     191G. 
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TABI£  in. 


Period 

Covered 

Trap  No.  1                      Trap  No.  2 

IS 

;  © 

"15^.175 
5S,806 
21,720 
17,028 
4.926 
12.078 

pi 

375"7"8 
1.507 
B67 
436 
126 
309 

la 

572,^32 
217,008 
80.208 
62,784 
18,144 
44.496 

la 

63,591 
25,977 
12,995 
2,175 
8,712 

1,630 
666 
333 
63 
223 

Sept.    16-Sept.   23 
Sent.    2a-Sept.    30 

96,904 
47,952 

•Total  number  ot  spores 
Total  number  per  aq.  t 
Total   number  per  aq. 

...2« 

;..  .9S 

9.733 
6,916 

5,904 





33,01 
6,97 
60,26 

2 

4 
6 

9  traps  was  found  to  be  39  sq.  In. 
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Ttaps  for  1916.  With  the  approach  of  the  harvest  of  1916, 
it  was  decided  to  place  the  water  spore-traps  oot  earlier  in  the 
season  and  if  possible,  run  them  later.*  On  August  16,  three 
traps  were  stationed  on  the  College  farm,  and  weekly  collec- 
tions made  for  a  period  of  eleven  weeks,  ending  November  Ist, 
when  the  temperature  conditions  no  longer  warranted  their 
continuance.  Traps.  Nob.  1  and  2  occupied  the  same  positions 
as  daring  the  year  1915,  while  trap  No.  S  was  stationed  on  the 
College  Pathologium  in  a  rather  Hheltered  position.  Trap  No. 
1  was  equally  as  far  distant  from  any  wheat  field  or  threshing 
operation  as  during  the  season  of  1915,  while  trap  No.  2  was 
bot  a  quarter  of  a  mile  north  of  a  very  smutty  field  of  wheat. 
Trap  No.  3  was  located  in  a  summer  fallow  field,  which  for  a 
number  of  years  had  been  ao  old  raspberry  patch.  To  the 
Bcuth  of  the  trap,  but  a  few  yards  distant,  was  located  some 
of  the  experimental  plots  used  in  growing  spring  wheat.  All 
traps  were  set  when  harvest  was  at  its  height  and  about  two 
weeks  before  any  threshing  operations  began  in  the  immediate 
vicinity.  However,  threshing  and  combine  harvesting  were  at 
their  height  in  the  central  part  >f  the  state,  north  and  west 
of  the  College  farm.  It  was  our  object  to  ascertain,  if  possible, 
the  probability  of  wind  dissemination  from  points  50  to  75 
miles  distant,  the  period  of  maximum  dissemination  in  the  im- 
mediate vicinity  and  the  probable  duration  of  the  period  of 
dissemination.  Our  results  are  recorded  in  'the  appended 
table.     (Table  IV.) 


D.n.iized  by  Google 


TABLE  IV. 

ItoconI  for  Spore  Traiia  Duilnc  the  Season  ot  1016 

Ttnp  No.  1 

No.  of  spores     No.  of  spores 
for  the  week        per  an.  In. 
62.4S3 
...     H3,866 

Aug.  29-Sept.  i    200,000' 

Sept.   5-11  


Period 
Covered 
Aug.  16-21  . 
Aug.  22-2 


Sept.    12-18    

Sept.    19-25    

Sept.   26-Oct.   2 

Oct.  3-9    

Oct.    10-16    . 

Oct.   17-23    

Oct.   24-30    


212,512 
52.(J96 
40,194 
16,226 
12,931 


1,602 
3,688 
5,128 
10,788 
5,449 
1,356 
1,030 
390 


No.ot  spores 
per  sq.  ft. 
230,688 
631.072 
738,432 
1,563,472 
784,666 
196,264 
148,320 
66,160 
47.620 


Totals 

•BaUmated. 

Period 
Covered 

1,179,172 

Trap.  No.  a 

No.  or  spores 
for  the  weelc 

30,235 

No.  of  spores 

per  aq.  in. 

1,111 

3,978 

3,754 

13,362 

6,410 

4.227 

546 

496 

399 

166 

304 

34,839 

No.  of  spores 

per  sq.  in. 

1.121 

6,130 

8,198 

8,161 

4.835 

13,605 

960 

647 

338 

137 

139 

4,363,840 

No. or  spores 

per  sq,  ft. 

169,984 

672.832 

640,576 

Aug.  29-Sepl.  4    ... 

146.421 

923.040 

OcL  a-9    

19.348 

71,424 

TntsiB 

•BaUmated. 

Period 
Covered 

Trap  No.  3 

No.  of  spores 
for  the  week 
43,751 

No.of  spores 

per  sq.  ft. 

161,429 

Sept.  B-11    

318,303 

1,176,184 

Sept.    19-25    

Sept.  26-Oct.  2    

530,602 

37.085 

21,344 

1,969,120 
136,800 
78,768 

...     .          6,440 

20,016 

43,161  6,216,048 

,__        .  son 1,407,168 

Average  No.  of  spores  per  sq.  In.  lor  the  season 36,113 

Average  No.  of  spores  per  sq.  tt.  for  the  season &,16S,SS4 


Totals    1,683,56 

Average  No.  of  spores  per  trap  for  the 
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An  examinatioa  of  the  records  from  the  spore-trap  colleo- 
tioDS  shows  for  the  season  of  1915  that  the  maximum  spore- 
fall  occurred  previous  to  or  during  the  first  week  of  September, 
since  there  was  a  gradual  decline  in  the  number  of  spores  fall- 
ing on  each  square  foot  of  surface  following  the  first  week  of 
record. 

For  the  season  of  1916  there  is  a  general  agreement  in  the 
results  from  the  traps  located  at  the  three  different  stations. 
During  the  first  three  weeks  from  Aug.  15  to  Sept.  4  there  was 
a  gradual  increase  in  the  spore-fall,  the  maximum  fall  occurring 
in  each  case  during  the  week  of  September  5-11.  It  is  worthy 
of  note  that  this  week  was  also  one  of  high  wind  velocity  (see 
Fig.  2).  Following  the  maximum  there  was  a  gradual  decline 
in  the  spore  fall  through  the  last  weeks  of  September;  daring 
the  month  of  October,  spores  were  still  present,  bat  in  greatly 
reduced  numbers.  It  has  been  shown  in  our  experimental  plant- 
ings that  the  highest  per  cent  of  smut  infection  occurred  during 
the  month  following  the  maximum  spore  fall."  During  this 
period  there  was  plenty  of  moisture,  the  temperature  conditions 
were  favorable  for  smut,  and  the  abundance  of  smut  spores  in 
the  BoU,  gave  as  high  as  41  per  cent  of  smut  from  clean  treated 
seed.  These  results  point  to  the  conclusion  that  wheat  seeded 
in  summer  fallow  during  the  period  following  the  maximum 
spore-fall  (last  of  September  and  first  of  October)  is  likely 
to  be  heavily  smutted. 

KELATION  or  CLIMATIC  CONDITION  TO  THE  SMUT 
8H0WES8 
Wind  Intensity  and  Velocity.  The  climatic  conditions  of  the 
Palouse  country,  previous  to,  including,  and  a  few  weeks  fol- 
lowing the  threshing  season  are  especially  favorable  for  the 
wide-spread  dissemination  of  the  spores  of  stinking  smut.  The 
period  is  invariably  ebaracterized  by  bright  sunshine,  a  very 
slight  or  ottax  no  rainfall,  and  a  rather  high  wind  velocity, 
especially  at  certain  periods.    The  typical  Palouse  dust  storm 
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Fig.  2.  Diagrams  showing  the  spore  tall  and  wind  velocity  from 
August  IS  to  October  30,  1S16.  Tbe  lower  tlgura  represents  tbe 
spore  fall,  based  on  the  total  number  of  spores  collected,  and  each 
square  repreBents  ZOOO  spores;  the  upper  figure  shows  the  wind 
velocity  based  on  the  average  number  of  miles  per  day  for  24  hours, 
tor  the  week  covered.     Bach  square  represents  two  miles.     Diagram 


h  the  calmination  of  a  period  of  high  wind  velocity.  This  com* 
binatioD  of  factors  makes  the  wheat  straw  very  dry  and  brittle 
aK  wetl  as  causing  a  pronounced  desiccation  of  the  smut  balls. 
The  operators  of  threshing  outfits  take  advantage  of  these 
dry  condilioufi  and  run  the  separators  at  a  very  high  rate  of 
speed.  This  naturally  causes  the  complete  breaking  up  and 
L-ruflhing  of  the  greater  number  of  the  smut  balls,  and  as  all 
luachiiies  are  equipped  with  wind  or  fan  stackers,  great  nmn- 
bera  of  smut  spores  are  thus  shot  into  the  air,  and  must  ulti- 
mately find  a  resting  place  on  either  adjacent  or  distant  fields. 
Taking  these  facta  into  consideration  it  is  interesting  to  note 
the  relation  of  the  wind  velocity  to  the  fall  of  the  smut  spores. 
The  Division  of  Soils  of  the  Experiment  Station  very  kindly 
furnished  us  the  wind  records,  covenng  the  period  during  which 
the  spore  traps  were  set  for  the  season  of  1916.  The  results 
are  graphically  represented  in  the  accompanying  illustration. 
(Fig.  2.) 

Rainfall.  As  previously  mentioned  there  is  a  very  small 
amount  of  rain  during  the  harvesting  and  threshing  season. 
The  accompanying  table  (Table  V)  gives  the  rainfall  for  Pull- 
man from  June  to  October  during  the  lost  three  seasons. 

TABLE  V. 
fUlnfaU  In  Inchea  at  PallmMi,  June  to  OcttAer,  19IB-1P17 

Month 1916  191S  1B17 

June 0.B3  2.34  0.66 

July 0.7T  0.45  0.00 

Auaiiit 0.00  1.24  0,00 

September 0.63  0.6S  0.84 

October 1.23  0.35  0.00 

It  may  be  noted  that  the  season  of  1917  was  exceptionally 
dry,  with  a  total  of  only  .84  inch  of  rain  during  the  four  months 
covering  harveeting  and  threshing  operations  in  Eastern  Wash- 
ington and  adjaoeat  territory.  Even  daring  1916,  when  the 
nia-lall  wa*  above  normal  for  the  period,  the  conditious  were 
still  toy  favorable  for  the  wind  dissemination  of  smut.  We 
mnet  ooAefaide  then  that  the  avera^^e  weather  conditions  which 
pnvail  in  the  irtieat  belt  of  Eastern  Washington  are  conducive 


to  a  wide-spread  wind  dissemination  of  the  spores  of  bant. 
Combine  with  this  wide-spread  scattering  of  amut  a  fanning 
system  which  includes  anmmer  fallow  and  f aU  seeding  and  we 
have  the  explanation  for  the  smut  menace  of  Eastern  Wash- 
ington. 

8UMMAS7 

Seed  treatment,  the  effective  practice  for  the  control  of  bmit 
or  stinking  smnt  of  wheat  in  other  wheat-growing  sections,  has 
not  been  effective  for  winter  wheat  in  the  Pslooae  country. 

Bant  is  one  of  the  cereal  smats  in  which  the  infection  takes 
place  only  through  young  seedlings,  eitber  from  seed-borne 
spores  or  from  spores  already  in  the  soil. 

The  possibility  of  a  wind-dissemination  of  the  spores  of  bant 
has  been  recognized.  It  has  been  shown  that  wind-borne  sec- 
ondary spores  or  sporidia  play  no  part  in  the  spread  of  smnt, 
since  there  is  no  spread  of  smut  from  an  infected  to  an  on- 
infected  field  during  a  single  season.  Scattering  of  spor^ 
from  smutted  heads  previous  to  harvest  is  of  minor  conse- 
quence, but  daring  the  threshing  operations  the  smut  balls  are 
broken  up  and  mnch  of  the  smut  dost  is  carried  out  throagh 
the  stacker.  Mach  of  this  smut  dost  most  ultimately  come  to 
rest  on  the  surrounding  fielda. 

The  wide-spread  wind-dissemination  of  the  spores  of  bant 
was  suggested  by  the  visible  clouds  of  smat  dust  which  issue 
from  threshing  machines  whenever  the  run  is  in  a  smutty  field ; 
the  presence  of  smnt  spores  on  vegetation  distant  from  any 
threshing  operations^  the  production  of  smutty  wheat  when 
clean  treated  seed  was  sown  on  land,  which  had  not  previously 
produced  a  crop  of  smutty  wheat ;  and  also  by  the  general  in- 
effectiveness of  seed  treatment  for  fall-sown  wheat. 

Positive  evidence  of  this  widespread  dissemination  of  the 
spores  of  bunt  has  been  obtained  by  the  microscopic  analyses 
of  the  washings  of  foliage  talten  frnm  stations  distant  from  any 
threshing  operations.  This  wan  fnrther  substantiated  by  tbc 
use  of  water  ipore-traps,  which  hare  made  posribl*  the  dft* 


tezminatioii  of  the  aotaal  number  of  Bpores  fsUing  on  a  given 
area. 

I>aring  the  threshing  Beason  there  is  a  "smut  ahower"  or 
spore-fall  in  the  Ticiuity  of  Poilman,  which  begina  in  Angnst 
inoreasea  to  a  mnTiTnnm  and  gradually  Bubsides.  Baring  the 
aeaaon  of  1916  the  inaTimuni  fall  occurred  from  the  5th  to  the 
11th  of  September.  The  exact  time  of  the  maximum  will  de- 
pend in  part  on  the  location,  the  period  when  threshing  opera- 
tions are  the  moat  numerous,  and  also  upon  climatic  factors. 

The  dry  conditions  which  prevail  during  the  threshing  per- 
iod, together  with  frequent  winds  of  high  velocity,  and  a  farm- 
ing «yHtem  which  includes  summer  fallow  and  winter  wheat, 
have  eombined  to  make  wheat  smut  especially  severe  in  the 
Pslooae  eoantrjr. 

The  greater  amount  of  winter  wheat  is  seeded  in  summer 
faUow  which  has  received  countless  numbers  of  wind-blown 
spores ;  the  maximum  amount  of  seeding  generally  follows  the 
period  of  maTimnm  spore-fall,  and  at  this  time  both  tempera- 
ture and  moisture  couditions  are  especially  favorable  for  smut. 
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Pnllman,  Washington,  January  18,  ]9I!>. 
Honorable  EmMt  Lister,  Oovemor, 

Olympia-  Washington. 
Sir: 

I  have  the  honor  to  sabmit  herewith  the  Twenty-eighth 
Annual  Beport  of  the  State  Agricultural  Experiment  Sta- 
tion, covering  the  work  of  this  Station  and  Sub-Stations  for 
tlie  year  ending  June  30,  1918. 

Very  respectfully, 

GEO.  SEVERANCE, 

Acting  Director. 
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HAP  or  WASEINaTON,  SHOWINa  LOCATION  OF  AOBI. 
OULTUBAL  EXPERIMEHT  STATIONS 


1.  The  mftln  expeiimQnt  station  Is  located  at  Paltman,  tbe  seat  ot 
the  State  College,  where  the  rainfall  averages  approximately  2S 
iDchee  per  annum.  A  larm  of  over  GOO  acres  and  the  principal 
scientific  laboratories  are  maintained  here.  Work  on  the  more 
fandamental  problems  or  those  that  require  the  use  of  laboratories 
and  expensive  equipment  1b  carried  on  principally  at  Pullman. 

2.  The  Adams  Branch  Station  at  LInd  conslsta  of  320  acrea  of 
typical  sol]  and  Is  devoted  entirely  to  problems  pertaining  to  the 
dry  belt  of  WashlnEton.  The  rainfall  at  LInd  averages  about  10 
inches  per  annum. 

3.  The  Watervllle  Branch  Station  consists  of  220  acrea  of  leased 
land  and  !e  devoted  primarily  to  a  study  of  forage  problems  and 
to  an  effort  to  develop  a  more  diversified  and  permanent  system  of 
agriculture  under  the  rainfall  conditions  prevailing  In  that  region, 
which  averages  about  13.5  Inches  per  annum. 

4.  The  Wlnthrop  Station  consists  of  a  five-acre  tract  with  stock 
Btaeds  and  yards  and  Is  devoted  exclusively  to  a  study  of  the  goitre 
disease  of  animals. 

B.  The  PrOBser  Irrigation  Station  conslstB  of  206  acres  of  unim- 
proved land  selected  under  authority  of  the  IBth  legislature  as  a 
■Ite  for  an  experiment  station  to  study  the  many  problems  that  are 
confronting  the  Irrigation  farmers.  An  option  has  been  secured 
on  this  tract  and  It  Is  being  cleared  and  leveled  with  funds  donated, 
by  the  Proner  people.  Its  final  purchase  and  further  development 
depend  upon  an  appropriation  from  the  16th  legislature  for  that 
pnrpoea.  The  Importance  of  developing  this  experiment  station 
may  be  appreciated  from  the  fact  that  Taklma  and  Wenatchee  Val- 
leys alone  produced  In  1918  over  130,000,000  worth  of  Irrigated 
products  and  that  Taklma  Valley  lost  from  the  codling  moth  alone 
over  92,000,000.  Its  Importance  may  be  further  appreciated  from 
the  fact  that  the  present  Irrigated  area  In  Washington  is  only  a 
•mail  percentage  of  what  may  ultimately  be  brought  under  Irrlga- 
tioo. 

t.  The  Western  Washington  Experiment  Station  Is  located  at 
Pnyallup,  where  the  average  ralnfull  Is  about  45  Inches  per  annum. 
It  consists  of  90  acres  of  typical  valley  soil  and  hill  land  and  la  de- 
voted to  a  study  of  Western  Washington  problems. 

7.  The  cranberry  stutlon  Is  located  at  Itwaco  and  Is  devoted  en- 
tirety to  a  study  of  Insects  Injurious  to  cranberries,  and  la  main- 
tained co-operatively  by  the  State  College  of  Washington  and  the- 
Bureau  of  Entomology  of  the  U.  S.  D.  A. 
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WASHINQTON  AORICULTURAL 
BXPBRIMENT  STATION 


The  work  of  the  Ezperiineiit  Station  was  very  materially 
affected  doring  the  past  year  by  the  war.  It  was  so  shaped  as 
to  meet  the  great  need  for  maximum  production,  and  much  of 
the  time  of  Beveral  experiment  station  men  was  devoted  to 
those  activities  which  best  would  further  the  program  of  the 
state  and  nation. 

The  U.  S.  Department  of  Agriculture  assigned  five  entomolo- 
gists to  the  Extemion  Department  of  the  State  College  and 
Dr.  A.  L.  Melander,  Eatomologist  of  the  Experiment  Station, 
was  appointed  project  leader  for  "Washington.  The  govern- 
ment also  assigned  four  wheat  smut  specialiste  to  the  Exten- 
sion  Department  of  the  State  College  and  Dr.  F.  D.  Heald, 
Pathologist  of  the  Experiment  Station,  was  appointed  project 
leader  for  Washington.  Professor  0.  M.  Morris,  Horticulturist 
of  the  Experiment  Station,  was  appointed  project  leader  in 
horticulture. 

Professor  E.  Q.  Woodward,  Dairy  Husbandman,  Frofessoi; 
F.  J.  Sievers,  Soil  Physicist,  and  Professor  E.  G.  Schafer, 
Agronomist  of  the  Experiment  Station,  each  devoted  consider- 
able time  to  the  work  for  maximum  production.  Various  mem- 
bers of  the  staff  also  devoted  more  time  than  usual  to  preparing 
press  material.  A  series  of  articles  prepared  by  members  of 
the  staff  was  run  in  nine  of  the  leading  papers  of  the  state 
for  several  months. 

Dr.  J.  S.  Caldwell,  By-Products  Specialist,  devoted  the  great- 
er part  of  his  time  during  the  fall  of  1917  as  adviser  to  several 
companies  in  the  Northwest,  who  were  erecting  by-prodnct 
factories.  One  month  daring  the  fall  was  given  to  the  Bureaa 
of  Chemistry-  tJ.  S.  D^artment  of  Agriculture,  upon  request. 
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lAte  iu  December,  h%  retigtied  to  enter, the  employ  of  the 
BareaD  of  Plant  Indiutry. 

The  time  of  these  men  was  diverted  to  extension  work,  as  it 
was  felt  that  they  thos  could  render  greater  immediate  service 
in  the  war  emergency. 

The  unnflual  demand  for  trained  men  resnlted  in  some  resig- 
nationa,  several  of  which  were  for  the  purpose  of  engaging  in 
United  States  govemmoit  emergency  service.  Both  on  ac< 
count  of  the  shortage  of  help  and  of  the  unusual  cost  of  both 
Ubor  and  supplies,  it  was  necessary  to  suspend  temporarily 
fleveral  projects.  No  funds  were  assigned  to  the  Divisions  of 
Animal  Husbandry,  Dairy  Husbandry,  and  Irrigation  Engin- 
eering, it  being  felt  that  the  specialists  in  these  divisions  conld 
render  greater  immediate  service  throi^h  extension  work. 

OhaogH  In  Btatf . 

Dr.  J.  S.  CaldweU,  By-Produets  Speeialiati  Wm.  Hislop,  Ani- 
mal Husbandman;  M.  A.  Magoon,  Bacteriologist)  A.  B.  Ny»- 
trom,  Dairy  Husbandman ;  C.  A.  Thompson,  Assistant  in  Soils, 
Adams  Branch  Station;  F.  W.  Allen,  Assistant  Horticulturist; 
H.  H.  'Woolman,  Aasistaot  Plant  Pathologist,  and  M.  A.  Toth- 
ers,  Aaaistant  Entomologist,  resigned  during  the  year. 

The  following  appointments  were  made:  B.  G-.  Woodward, 
Dairy  Husbandman ;  T.  J.  Murray-  Bacteriologist ;  B.  P.  Bled- 
soe, Superintendent  WaterviUe  Sub-Station;  Anthony  Sptiler, 
Assistant  Entomologist,  and  H.  N.  Colman,  Superintendent  of 
Advanced  Registry  Testing.  Bliss  Dana  was  transferred  from 
Assistant  in  Bacteriology  to  Assistant  in  Plant  Pathology. 
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Reports  by  Divisions 


DIVISION  or  AlOMAL  EUSBANDST 

No  fnnds  were  appropriated  to  this  DiviBion  for  the  fiscal 
y«ar  just  closed,  but  the  following  InTestigationg  were  made 
through  the  aid  of  college  students  and  the  use  of  the  college 
live  stock. 

Foeding  Vala«  of  Feed  Peas  vs.  Barley. 

An  experiment  was  conducted  to  determine  the  fattening, 
value  of  field  peas  as  compared  with  barley  when  supple- 
mented with  tankage  and  oil  meal.  Fifty-one  shoatB,  bred  by 
the  State  College  of  Washington,  consisting  of  pure  bred  Duroo 
Jerseys,  Poland  China-Berkshire  cross  breds,  and  Poland  China- 
Duroe  Jersey  cross  breds  were  used.  For  comparison  they 
vrere  divided  into  four  lots.  The  feeds  used  included  cracked 
or  split  peas,  common,  beardless  rolled  barley,  shorts,  oil  meal* 
and  tankage  guaranteed  to  contain  60  per  cent  protein.  The 
experiment  continued  49  days  during  January  and  February, 
with  the  weather  quite  unfavorable  for  good  feeding  results.. 

The  following  table  shows  the  rations  fed, 'total  grain  con- 
nuned  and  total  gains  for  each  lot. 

~     --— -  i^ii  Lot  2  Lot  »  Lot  4 

cpoo  ooo  ooo  eoo 

#^^  ^^^  #^^  ^^cfi 


pg?      ^g;?     .°g?      i^gs? 
Sal      l^e      ssi       Ell 


No.  ol  hosa  on  test 13  12  13  18 

Initial  welgbt  per  bead 

(average)    S9.T7  107.33  107.84  100.6B 

Pinal  (average)    160.SS  184.76  162.77  1SB.62 

GAIN   IN   LBS.,  TOTAL  788-00  929.00  714.00  896.00 

GRAIN,    LBS.,   TOTAL   376G.00  3818.00  3100.00  3820.00 

Grain  per  lb.  gain 4.77  4.10  4.34  4.S6 

Shrinkaga  Id  Bhlpmeat 

to  Stanton  Packing 

Co..  Spokane,  percent  ll.te  16.7G  18.60  IS.CS 

Dresring  per  cent  by  lot»  82.00  82.70  80.10  88.00 
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The  feeds  were  aaaifpied  the  following  values  per  ton :  peas, 
$40.00;  roUed  barley,  $40.00;  shorts,  $27.00;  oil  meal,  $50.00; 
tankage,  $60.00. 

A  study  of  the  above  figures  indicates  the  following: 

1.  That  peas  and  protein  supplement  such  as  tankage  and 
linseed  oil  meal  are  superior  to  barley  and  a  protein  supple- 
ment, such  as  tankage  and  linseed  oil  meal. 

2.  That  tankage'  which  ia  an  animal  protein,  is  superior  to 
linseed  oil  meal,  which  is  a  vegetable  protein,  when  fed  to  fat- 
tening hogs,  in  conjunction  with  barley  or  peas. 

3.  That  a  ration  of  peas,  shorts  and  tankage  ranks  first; 
barley,  shorts  and  tankage  ranks  second;  peas,  shorts  and  oil 
meal  ranks  third;  and  barley,  shorts  and  oil  meal  ranks  fourth 
in  net  profit  and  in  the  amount  of  grain  required  per  hundred 
pounds  of  gain. 

Kdfttion  of  Brsed  and  Age  of  Service  to  Proliflcaqjr. 

A  study  of  the  records  of  the  college  herd  of  swine  of  1908 
to  1916  was  made  to  determine  the  relation  of  breed  and  age 
to  prolificacy.  The  following  is  a  summary  of  the  facts 
obtained: 

In  Dnroc  Jersey  swine,  the  total  number  of  pigs  under  con- 
sideration was  400  and  the  average  litter  for  that  period  was 
7.143  pigs. 

In  Poland  China  swine,  479  pigs  were  studied  and  the  aver^ 
age  litter  was  7.15  pigs. 

In  Berkshire  swine,  the  number  of  pigs  studied  was  331, 
and  the  average  litter  was  6.245  pigs. 

In  Tamworth  swine  the  number  of  pigs  studied  was  127  and 
the  average  litter  was  7 :94  pigs. 

The  above  figures  on  the  relative  prolificacy  of  breeds  at  the 
State  College  of  Washington  indicates  Tamworth,  first;  Po- 
land China,  second ;  Duroc  Jersey,  third ;  and  Berkshire,  fourtii. 

In  this  work  it  ia  also  brought  out  that  the  size  of  the  litter 
increases  as  the  age  of  the  sow  increases,  up  to  four  years. 
Sixteen   yearling  sovrs  produced  an  average  litter  of  6.13 
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pigs;  17  two-year-old  sows,  an  average  litter  oi  7.7  pigs;  10 
three-year-old  bows,  an  average  litter  of  7.8  pigs ;  and  four 
four-year-old  bowb  an  average  litter  of  7.9  pigs. 

DIVISION  or  BOTAMT 

The  Division  of  Botany  has  been  of  direct  service  to  the 
farmers  of  Washington  and  adjoining  states  through  the  identi- 
fication of  weeds  and  native  plants  and  the  testing  of  seeds. 
The  inquiries  along  these  lioes  have  increased  to  more  than  a 
thousand  a  year. 

Investigations  of  weed  distribution  in  the  state,  records  of 
the  introduction  or  spread  of  new  weed  pests  and  plans  for  the 
practical  study  of  means  of  eradicating  weeds,  have  been  pur- 
sued. Study  of  weed  habits  and  control  will  be  greatly  aided 
through  the  use  of  an  area  on  the  College  Farm  set  aside  this 
year  as  a  weed  garden.  .  A  special  study  of  the  wild  oats  situa- 
tion in  Washington  has  brought  in  valuable  information  con> 
ceming  the  limiting  of  this  weed's  range  by  rainfalL  and  con- 
cerning the  varieties  found  in  the  state. 

In  conjunction  with  the  Division  of  Farm  Crops  there  is  in 
preparation  the  first  of  a  series  of  bulletins  containing  descrip- 
tions, distribution  data  and  suggestions  for  the  control  of  the 
serious  weed  pests  of  the  Northwest. 

DIVISION  OF  BAGT2BIOL007 
Legume  Oultnre  Work. 

In  co-operation  with  the  Division  of  Farm  Crops,  inocula- 
tion material  for  legumes  to  the  amount  of  11,693  acres,  has 
been  furnished  to  farmers.  The  work  has  paid  for  itself. 
Last  yeai;  these  cultures  were  sent  out  in  sand.  A  little  com- 
plaint  was  heard  because  of  the  damaging  effect  of  the  sand 
on  the  drills.  This  year,  as  a  result  of  some  laboratory  in- 
vestigations by  C.  A.  Magoon,  cultures  have  been  sent  out  in 
bottles  on  agar  media.  The  results  of  the  sand  as  an  inocu- 
lum have  met  with  marked  success  in  the  field.  The  field 
results  from  the  use  of  the  new  method  of  using  agar  media 
as  an  inoculum  have  not  yet  been  obtained.    Methods  are  still 
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ill  an  ezperimental  stage  and  considerable  work  mnat  be  done 
in  order  to  place  the  work  on  a  firm  scientific  basis.  A  fall 
time  assistant  should  be  employed  to  devote  his  entire  time 
to  practical  and  iiiTestigational  legume  work.  The  inoonla- 
tion  of  the  soil  of  Eastern  Washington  is  a  work  well  worth 
while. 

Bovine  Toberonlar  Badllns. 

This  work  was  outlined  and  started  by  C.  A.  Magoon.  A 
bulletin,  "Isolation  and  Cultivation  of  Bacteriom  Tubercu- 
losis on  a  Synthetic  Medium,"  was  published  in  1918.  Be- 
cause of  the  pressure  of  the  legome  culture  work,  no  work 
was  done  on  the  project  last  year.  Work  has  been  started 
and  is  now  under  way  with  a  view  to  completing  this  project. 

The  Effect  of  Straw  on  tlie  Boll. 

It  has  been  observed  that  the  addition  of  straw  to  the  soils 
of  Eastern  Washington  causes  a  decrease  in  the  following 
crop  yield.  The  above  named  project  was  taken  up  in  co- 
operation with  the  Department  of  Soils  with  the  view 
to  determine  the  cause  of  this  decrease  in  yield  and  to  devise, 
if  possible,  some  method  of  returning  hnmns  to  the  soil  in 
the  form  of  straw  without  ill  effects. 

Enough  experimental  data  has  not  yet  been  obtained  to 
draw  conclusions.  However,  frotn  the  resolta  thus  far  secured 
it  seems  that  the  addition  of  straw  between  one-tenth  per 
c«nt  and  seven-tenths  per  cent  stimulates  nitrification,  or  the 
ability  of  the  soil  organisms  to  form  nitrates.  Between  sev^- 
tenths  per  cent  and  two  per  cent  the  straw  inhibits  nitrifica- 
tion and  above  two  per  cent,  the  addition  of  straw  actually 
causes  a  decrease  in  the  nitrate  content  of  the  soil.  The  nitro- 
gen in  the  last  case,  however,  is  only  temporarily  lost  to  the 
plant  as  a  food.    It  is  transformed  to  protein  nitrogen. 

IfiscellaneouB  Analyses. 

Fifty-eight  samples  of  water  have  been  analyzed  for  the 
citizens  of  the  state  east  of  the  Cascades.  Five  examinations 
have  been  made  for  the  presence  of  the  tubercular  baciUus  in 
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sputum;  one  for  the  presence  of  the  tabereolar  bacillus  in 
f&eces;  one  for  the  presence  of  the  tubercular  baeilios  in  milk; 
15  examinations  of  diphtheria  swabs;  five  nrins  analyses 
and  seven  gonococcue  examinations  have  been  made. 

DIVISION  OF  0HEMI8TBY 

The  station  chemist  is  also  state  chemist  by  virtue  of  bis 
office  and  is,  therefore,  obliged  to  supervise  a  great  deal  of 
analytical  work  for  the  State  Department  of  Agriculture  in 
the  control  of  foods-  feeds,  fertilizers.  Some  of  this  work  has 
been  particularly  pressing,  owing  to  war  conditiona  and  has, 
therefore,  demanded  more  than  usual  attention.  Further- 
more, the  unusual  demand  for  chemists  during  the  war  has 
forced  the  station  chemist  to  run  very  short  handed,  making 
it  impossible  to  do  the  usual  amount  of  station  work.  Work 
was  temporarily  suspended  on  "the  function  of  sulphur  as 
plant  food."  "Co-operative  study  of  methods  of  analyses 
with  the  Association  of  Official  Agricultural  Chemists,"  and 
"the  relation  of  soil  types  to  composition  of  wheat." 

The  following  is  a  sommary  of  results  obtained  with  the 
projects  studied: 

The  Baking  Qualities  of  Flour. 

This  project  has  been  studied  under  three  main  heads: 
(a)  influence  of  electrolytes  on  baking  quality,  (b)  the  use 
of  substitutes  for  wheat  floor  on  baking  quality,  and  (c)  a 
study  of  the  physical  properties  of  gluten  and  its  poasiblo 
bearing  on  the  baking  quality  of  flour. 

(a)  There  are  a  number  of  preparations  sold  on  the  market 
which  are  used  in  combination  with  other  materials  for  the 
purpose  of  improving  the  quality  of  the  dough  and  ultimately 
with  the  object  of  improving  the  loaf  of  bread.  Among  such 
preparations  is  one  known  as  Arkady  Yeast  Food,  which  pat- 
ented preparation  consists  of  calcium  sulphate,  ammonium 
chloride,  potassium  bromate,  and  a  flour  filler.  This  prepara- 
tion, when  used  in  conjunction  with  the  other  necessary  in- 
gredients, is  claimed  to  save  yeast  and  flour  and  increase  the 
volume  of  the  loaf  of  bread. 

r:,t,:Ki.v.  Google 
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InvMtigationB  iodicate  that  the  Arkady  Yeast  Food  shows 
beneficial  eCfecta  with  some  flonn,  while  with  others  no  re- 
sults were  observed.  In  no  case  were  all  of  the  benefits 
cJaimed  from  the  use  of  such  materials  observed  in  any  one 
flour, 

(b)  Flour  substitutes  were  studied  with  flours  made  from 
oats,  barley,  rice,  yellow  and  white  com,  apples,  alfalfa,  soy 
beans,  but  more  especially  with  field  peas  and  soy  bean  cake 
used  in  various  combinations  with  wheat  flour.  The  field  peas 
used  were  of  the  Bangalia  and  Amraoti  varieties.  The  Ban- 
galia  possesses  a  bitter  principle  which  we  found  to  be  present 
in  the  hull  and  is  removed  in  the  process  of  milling.  The  soy 
bean  cake  which  we  used  is  the  kind  that  is  used  for  feeding 
stock  and  contains  from  six  to  eight  per  cent  of  oil  instead 
of  16  to  18  per  cent  of  oil,  which  is  present  in  the  original 
grain. 

The  advantage  in  the  use  of  materisls  such  as  pea  flour  and 
aoy  bean  floor  lies  in  the  fact  that  these  materials  contain 
considerably  more  protein  than  is  found  in  the  common  cereals. 
The  peas  contain  25  per  cent  of  protein  and  the  soy  bean  cake 
ccmtains  about  46  per  cent  of  protein.  Cottonseed  flour  is  also 
high  in  protein  but  not  as  high  as  soy  bean  cake. 
With  the  nse  of  these  materials  it  was  thought  that  a  saving 
in  the  consumption  of  meat  coold  be  made  and  at  the  same 
time  meet  the  body  requirements  for  protein.  Legume  flours 
Bhottld  also  be  valuable  as  a  food  for  people  suffering  from 
diabetis,  owing  to  their  low  starch  content. 

Many  plans  were  devised  and  worked  out  with  the  view  of 
increasing  the  volumes  of  the  combination  of  flour  breads. 
Experiments  were  conducted  with  varying  amounts  of  elec- 
trolytes, sugar,  different  kinds  of  sugar,  varying  amounts  of 
yeast  and  also  with  combinations  of  the  cereals  other  than 
wheat  flour.  In  some  of  the  experiments  gluten  was  added 
It  was  found  that  the  volome  of  the  loaf  could  be  held  to  a 
size  obtained  from  the  use  of  wheat  flour  alone  if  not  more 
than  10  per  cent  of  pea  flour  or  other  substitute  cereal  flour 
were  used.    With  the  use  of  15  per  cent  of  pea  flour,  the  vol- 
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ume  of  the  loaf  decreased  five  per  cent,  and  with  20  per  cent 
of  pea  floor  the  volume  decreased  10  per  cent.  In  other  words, 
the  volume  of  tbe  loaf  was  inversely  proportional  to  the 
amount  of  suhBtitate  used  over  10  per  cent.  The  results  for 
soy  bean  cake  flour  and  all  other  cereal  Bubstitutes  gave  sim- 
iJar  results. 

The  flavor  of  the  pea  flour  bread  is  very  good.  The  erumb 
1^  of  a  greenish  cast,  which  can  not  be  regarded  as  objec- 
tionable. The  soy  bean  cake  flour  does  not  taste  as  good  as 
the  pea  flour  bread  and  the  color  of  the  crumb  is  of  a  yellow- 
ish tint.  Apple  flour  gives  to  the  bread  an  acrid  taste.  The 
color  of  the  apple  flour  crumb  is  of  a  brovni  hue,  similar  to 
that  obtained  in  brown  bread.  The  bread  made  from  alfalfa 
ilour  tastes  of  weeds  and  the  color  of  the  loaf  is  objectionable. 
The  results  of  these  investigations  are  encouraging  and  justify 
further  investigations  to  determine  the  extent  to  which  substi- 
tutes may  be  used  to  advantage  in  peace  times. 

(c)  Studies  on  physical  properties  of  gluten  indicate  that 
tht  physical  properties  of  the  gluten  of  a  given  sample  of  flour 
are  not  entirely  inherent,  but  are  determined  to  a  large  ex- 
tent by  certain  chemical  composition  which  may  be  determined 
largely  by  environmental  factors. 

Influence  of  OnlUTation  on  Nitrogen  Content. 

Winter  varieties  of  wheat  studied  showed  an  average  nitro- 
gen content  under  oolitvation  of  2.86  per  cent  and  without 
cultivation  of  2.87.  Spring  varieties  showed  an  average  nitro- 
gen content  of  2.77  per  cent  with  cultivation  and  2.73  per  cent 
without  cultivation.  These  results  would  indicate  that  culti- 
vation for  this  season  gave  practically  no  results  in  either 
direction.  They  may  be  due  to  the  fact  that  the  experiments 
were  conducted  on  land  that  has  been  kept  in  a  high  state 
of  cultivation  for  several  years  by  the  growing  of  peas  every 
third  year  and  by  thorough  tillage.  In  another  field  where 
the  above  varieties  were  grown  in  the  ordinary  way  and  with- 
out cultivation,  the  winter  varieties  averaged  2.47  per  cent 
nitrogen  and  the  spring  varieties  averaged  2.56  percent  nitro- 
gen. 


WASHINGTON  AGRICULTURAL  EXFBRIMENT  STATION    15 

This  bears  out  .former  observations  that  the  nitrogen  con- 
tent of  wheat  may  be  increased  and  the  quality  of  wheat  decid- 
edly improved  by  keeping  the  soil  in  a  high  state  of  cultiva- 
tion and  well  supplied  with  nitrogen  through  the  growing  of 
legumes. 
Use  of  Gypsnm  and  Land  Plaster. 

Co-operative  testa  with  land  plaster  have  been  conducted 
on  a  few  farms  around  Pnllman.  Selected  areas  of  treated 
and  untreated  alfalfa  were  measured  and  weighed  on  the  H.  H. 
Curtis  farm  and  an  increase  of  over  200  per  cent  was  noted 
on  the  treated  plot.  Similar  results  were  reported  by  other 
co-operators'  but  unfortunately  lack  of  labor  made  it  impos- 
sible to  measure  and  weigh  accurately  on  the  other  farms. 

This  problem  deserves  further  study,  not  only  to  determine 
the  possibilities  of  increasing  production  by  this  means,  but 
also  to  determine  the  ultimate  effect  upon  the  soil. 
StndiM  <m  Pectin. 

A  method  for  recovering  the  pectin  contained  in  fruit 
pomace  has  been  devised  that  should  prove  of  commercial  im- 
portance. Bp  this  method,  ammonium  sulphate  is  substituted 
for  the  more  expensive  alcohol  with  the  added  advantage  that 
the  spent  salt  is  valuable  as  a  fertilizer. 

There  are  several  possibilities  for  the  use  of  pectin  besides 
that  for  the  making  of  jelly,  justifying  more  attention  to  the 
saving  of  this  by-product.  Cider  and  vinegar  manufacturers 
could  recover  considerable  pectin  from  the  pulp  that  is  thrown 
away  after  removing  the  cider. 
HisoeUaasoTU  Anolgrset. 

A  large  number  of  miscellaneous  analyses  have  been  made. 
Samples  of  feeding  stuffs  sent  in  by  citizens  were  not  analyzed, 
owing  to  the  fact  that  the  state  law  provides  for  an  authorized 
inspector  to  sample  commercial  feed  stuffs  for  official  analyses. 
However,  in  a  few  cases  where  analyses  were  requested  for 
^od  reasons,  other  than  to  determine  the  commercial  status 
of  the  feed,  such  analyses  have  been  made. 

A  Dumber  of  analyses  were  made  in  cases  of  suspected  poi- 
•oning.    Numerous -other  routine  analyses  were  made. 
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DIVISION  or  DAIBT  HUSBAMSBT 

No  funds  were  oesi^ed  to  this  division  for  the  past  fiscal 
year,  hat  the  Station  assumed  responsibility  for  the  Advanced 
Kegistry  Testing  in  March,  1918. 

Summary  of  Advanced  Registry  Testing  for  1918  is  as  fol- 
lows :  Ntimber  of  herds  tested,  61 ;  divided  as  follows :  Hoi- 
stein,  32;  Jersey,  22;  Guernsey,  4;  Ayrshire,  3. 

Ntunber  of  different  supervisors  used,  35;  averaging  from 
7  to  13  per  month. 

Tests  conducted  total  2523,  as  follows:  2-day  tests,  2270; 
7-day  tests,  174 ;  14-day  tests,  1 ;  21-day  tests,  1 ;  30-day  tesU, 
47 ;  60-day  tests,  5 ;  90.day  teste,  1 ;  100-day  tests,  3 ;  re-tests  on 
high  production,  21. 

The  number  of  tests  conducted  in  1918  is  81  per  cent  of  the 
number  conducted  daring  1917,  which  is  very  pleasing,  consid- 
ering the  handicap  of  the  war  conditions  and  shortage  of  help. 

Among  the  class  leaders,  nationally,  the  following  Washing- 
tOD  cows  appear.  The  order  of  the  records  being  name,  num- 
ber, milk  prpdnction,  average  per  cent,  butterfat  production, 
and  rank. 

Jeneyg; — 

Senior  8-year-olds : 

Emments  Foxy  Belle,  304982,   14920.6,  5.47,  816.65,  3rd. 

Senior  4-year-old8: 

Olympia's  Fern,  252060,  16147.8,  5.81,  937.8,  1st. 

OnemieyB; — 

Junior  2-year-olda: 

Kulahan  Hayes  May  Rose,  73318,  8261.20,  6.06,  500.45,  3th. 
AyTBhirM:— 

The  last  Ayrshire  Quarterly  (1918)  gives  data  on  the  fol- 
lowing Washington  cows : 

Leaders  in  milk  production : 

Willovraioor  Soncy  Girl,  16707,  4.25,  709.60,  Mature,  1st 

■Willovnnoor  Etta  3d,  16621,  4.01,  666.06,  Junior  2,  1hJioo|c 
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Leaders  in  fat  prodxtction : 

Lilly  of  Willowmoor,  22596,  4.23,  955.56,  Mature,  Ist. 

Willowmoor  hOy  5tb,  14577,  4.55,  662.53,  Junior  3,  Ist. 

HolsMiu:— 

The  last  'IBlue  Book,"  Vol.  29,  gives  the  foUowing  Wash- 
iugton  cows  ranking  first  in  their  classes : 

30-da;  records: 

Von  Heim  Mary  Hartog,  284404, 2054.9, 4.69, 46.383,  Senior  2. 

Von  Heim  Winnifred  Colantha,  329334,  1925.4,  4.89,  94.164, 
Junior  2. 

7'day  records; 

Vcm  Heim  Winnifred  Colantha,  284404,  444.5,  5.33,  23.698, 
Junior  2. 

365^y  records: 

Ormsby  Segis  Marie,  223321,  27025.7,  3.18,  859.63,  Senior  3. 

The  AdTaneed  Registry  Testing  is  practically  self  support- 
ing from  the  fees  paid  by  the  breeders  for  this  work.  From 
May  1,  1918,  to  January  1,  1919,  nearly  $6000  has  been  paid 
ont  for  the  work  from  the  fees  received;  the  monthly  average 
being  from  $700  to  $750. 

With  the  close  of  the  war  the  future  prospects  are  very  en- 
couraging as  is  indicated  by  the  numerous  letters  of  inquiry 
being  received  regarding  the  work.  There  are  quite  a  number 
oi  breeders  taking  up  official  testing  for  the  first  time  as  well 
as  many  of  the  older  breeders  who  temporarily  discontinued 
official  testing. 

DIVISION  OF  FARM  0B0P8 

In  a  report  of  the  investigational  work  of  the  Division  of 
Farm  Crops,  a  single  year's  work  is  of  little  value  by  itself. 
The  year's  work  therefore  has  been  supplemented  by  adding 
idnta  obtained  in  prior  years  in  s  number  of  cases.  The  experi- 
mental work  being  done  is  analyzed  and  interpreted  so  that 
farm  practices  may  be  benefited  by  it. 

The  work  of  variety  testing  which  must  continue  to  be  an 
important  part  of  the  work  as  long  as  new  varieties  are  being 
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introduced  in  the  state,  has  been  increased- about  25  per  cent. 
New  introductions  as  well  as  new  hybrids  of  exceptional 
promise,  produced  at  the  Experiment  Station,  are  being  com- 
pared with  standard  varieties  in  field  testa.  More  extensive 
plans  have  been  devised  to  distribute  superior  varieties  of 
grains.  Through  the  co-operation  of  the  county  agrieulturists, 
their  value  is  being  checked  up  with  other  varieties  in  the  vari- 
ous localities  where  superior  grains  are  distributed. 

Experiments  are  in  progress  which  show  defiaite  possibilities 
of  producing  smut  resisting  varieties  of  wheat  and  oats  by 
breeding.  Definite  information  is  being  accumulated  which 
throws  considerable  light  upon  the  problem  of  what  constitutes 
winter  hardiness  in  wheat.  Information  is  being  gained  on 
the  comparative  value  of  different  crops  for  silage.  Experi- 
ments  are  being  conducted  to  determine  methods  of  production 
))y  which  clover  and  alfalfa  seed  may  be  profitably  produced 
within  the  state.  Crop  rotation  experiments  are  being  started 
which  should  have  a  far  reaching  influence  on  the  cropping 
system  to  be  practiced  in  the  future. 

The  division  between  the  work  of  two  years  naturally  comes 
with  the  harvest.  As  this  report  covers  the  work  for  the  year 
ending  June  30,  1918,  it  deals  with  the  crop  harvested  during 
the  summer  and  fall  of  1917. 

Vuiety  TMtinff. 

A  sommary  of  results  to  date  indicate  the  fnllnwing: 

1.  Hybrid  128,  which  was  produced  and  distributed  by  the 
State  College  of  Washington,  is  the  best  winter  wheat  under 
conditions  that  prevail  at  Pullman ;  Bluestem  is  the  best  spring 
wheat,  except  in  the  arid  sections  of  the  state,  where  Baart 
does  better. 

2.  Banner  oats,  introduced  direct  from  Scotland  and  dis- 
tributed  by  the  Experiment  Station,  is  distinctly  superior  to 
all  others  in  yield,  in  Eastern  'Washington.  Abundance  is  a 
close  competitor  and  has  been  distributed  to  some  extent. 
Sixty  Day  is  lowest  in  yield,  both  in  1917  and  in  the  four-year 
average.  White  Bonanza  ranks  first  (or  the  Ska^t  Flats  in 
Western  Washington.  ^  \  il  - 
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3.  The  coast  barleTs  are  the  most  satiBfactf^y  varieties  to 
grow  and  will  yield  more  pounds  to  the  acre  than  any  other 
grain  crop.  Winter  barleys  should  not  be  recommended,  as 
they  are  not  winter  hardy  and  on  the  average,  the  yield  is 
13  buebela  leas  than  spring  barleys. 

4.  Bangalia  is  the  best  variety  of  peas  in  total  yield,  bnt 
on  aeeoont  of  market  discrimination  and  from  the  fact  that 
Bluebell  matures  somewhat  later,  it  may  be  more  profitable 
where  the  seed  is  to  be  marketed  or  when  planted  with  the 
later  maturing  varieties  of  oats  tor  hay. 

5.  Mexican  Bed  beans  ore  by  far  the  best  variety  for  the 
P&louse  country.  Takima  Finks  are  preferable  in  the  warm- 
er irrigated  sections. 

6.  The  best  rate  to  seed  com  varies  with  the  season,  rang- 
ing from  two  to  five  stalks  per  hill;  three  stalks  being  on 
the  average  the  best  during  the  years  tested. 

7.  Chick  peas,  the  sorghums  and  Soy  beans  are  not  to  be 
recommended  except  in  restricted  districts  of  long  season  and 
high  temperature. 

8.  Minnesota  No.  2  rye  is  the  best  winter  variety ;  Beard- 
less is  the  best  spring  spring  variety. 

9.  Minnesota  No.  25  flax  out-yields  the  best  of  the  other 
four  varieties  tested  by  45.7  per  cent  (two  years  average). 

10.  The  date  of  seeding  winter  wheat  experiment  showed 
late  August  and  early  September  seeding  to  give  the  highest 
yield  in  1917.  One  season's  results  should  not  be  accepted  as 
conclnsive. 

11.  The  plots  with  various  degrees  of  smutting  were  not 
conclusive  in  1917,  bnt  a  two-year  average  shows  a  decrease 
in  yield  in  proportion  to  an  increase  in  amount  of  smut  pro- 
duced. 

bicmM  and  DiitrUnitira  of  Bead. 

More  than  33  tons  of  pure  seed,  and  bacteria  culture  pre- 
pared by  the  Division  of  Bacteriology  sufficient  for  11,693 
acres  of  legumes,  have  been  distributed  throughout  the  state 
in  1167  different  shipments  during  the  year  ending  June  30, 
1918.    The  standard  maintained  for  seed  sent  out  was  kept 
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BO  hig^  tbat  more  than  70  toos  were  discarded  for  feed  or 

floor. 

InlMritenoe  StndlM. 

Befmite  information  has  been  obtained  on  tiie  inheritance 
of  snmt-resiBtance,  winter  habit,  grain  and  glume  color,  steril- 
it7,  beards  and  dwarfnesa  of  wheat.  Considerable  material 
has  accnmulated  on  the  inheritance  of  various  characteristics 
of  wheat,  oats,  barley,  corn,  peas,  rye,  and  forage  plants  which 
has  not  yet  been  compiled  and  interpreted. 
Fonge  Invartjgationi. 

Turnips  and  mtabagae  produce  the  largest  tonnage  per 
acre  of  the  root  crops.  Winter  wheat  produced  a  larger  ton- 
nage of  green  forage  for  silage  than  any  other  single  crop  or 
combination  in  1917. 

Preliminary  results  indicates  that  the  red  clover  seed  can 
be  proftably  produced  when  proper  spacing  methods  and 
proper  time  of  catting  have  been  worked  oat.  Work  has  been 
started  to  determine  the  possibilities  of  using  a  nurse  crop 
in  obtaining  a  stand  of  clover  and  alfalfa. 
OnltiTation  and  Bate  of  Seeding  Wheat. 

Wheat  seeded  in  ordinary  drill  rows  yields  more  than  when 
the  TOWS  are  spaced  12  to  18  inches  apart.    Cultivation  is  of 
material  benefit  to  winter  wheat,  but  decreases  the  yield  of 
q>ring  wheat 
Methods  td  Appfying  Hannre  to  Wheat. 

The  average  of  18  years  tests  with  manure  applied  as  top 
dressing  on  summer  fallow  wheat  versus  plowing  ander  the 
same  amount  of  manure  for  summer  fallow  ahow  best  results 
from  top  dressing. 
Blethodi  of  Summer  Fallowing. 

The  results  of  18  years  teats  show  best  results  from  early 
plowed,  well  tiUed  summer  fallow, 
Orop  Rotations. 

Eighteen  years  tests  comparing  crop  rotations  including 
clover,  straight  wheat  and  enmmer  fallow,  cropping  with 
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wheat  every  year  with  uo  fertilizer,  and  cropping  with  wheal 
every  year  with  10  tone  of  manure  per  acre  applied  annually 
indicate : 

1.  A  quite  marked  and  regular  decline  in  yield  under  au> 
nual  wheat  cropping, without  manure  with  the  yields  at  the 
beginning  of  the  IS-year  test  beariug  the  usual  relation  to 
those  on  summer  fallow. 

2.  That  wheat  seeded  annually  with  an  application  of  10 
tons  of  manure  per  acre  yields  as  much  now  as  at  the  begin- 
ning of  the  period  and  yields  practically  as  much  as  the  well 
tilled  summer  fallow  plots,  showing  that  summer  fallowing 
ift  not  necessary  with  the  rainfall  received  at  Pullman  if  the 
fertility  of  the  soil  can  be  properly  maintained. 

3.  That  in  rotations  that  include  clover  and  eliminate  sum- 
mer fallow,  the  yields  of  wheat  are  maintained  nearly  equal 
to  the  yields  on  well  tilled  summer  fallow.  Since  the  rota- 
tions used  provide  wheat  half  the  time,  the  advantage  of  the 
rotation  is  apparent. 

DIVISOH  or  HOBTICXTLTUKE 
Orchard  Pollination. 

Tests  were  made  of  the  self  sterility  of  the  Jonathan  and 
Borne  Beauty  varieties  of  apples  and  of  the  influence  of  these 
on  the  setting  of  fruits  by  these  trees  when  cross  pollination 
was  not  permitted.  Both  varieties  set  a  few  fruits  without 
cross  pollination,  when  pollinated  by  the  normal  fall  of  pollen 
and  distribution  of  pollen  and  by  the  work  of  bees.  The  fruits 
set  on  these  trees  contained  very  few  seeds  and  a  large  propor- 
tion of  seedless  apples.  The  Jonathan  apple  produced  on  the 
tree  which  was  inclosed  by  a  tent  and  to  which  bees  were  ad- 
mitted averaged  1.2  seeds  per  apple.  Rome  Beauty  apples 
under  the  same  conditions  averaged  one  seed  per  apple.  The 
Jonathan  to  which  no  cross  pollination  or  insects  were  admit- 
ted during  the  blossoming  period  produced  fruit  which  con- 
tained 1.9  seeds  per  apple.  The  Home  Beauty  tmder  similar 
conditions  produced  fruit  that  carried  4.8  seeds  per  apple.  The 
Jonathan  in  the  open  orchard  produced  seven  seeds  per  apple 
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and  the  Rom«  Beauty  averaged  10  seeds  per  apple.  No  appreci- 
able difference  existed  in  the  size  or  appearance  of  the  fruits 
that  were  produced  by  self  pollination  and  those  produced  in- 
the  open  orchard.  . 

Mnidri's  Law  of  Blackberry  and  Easpberry  Hybrids. 

The  fruiting  of  a  large  number  of  blackberry  and  raspberry 
crosses  developed  the  fact  that  the  Evergreen  Blackberry  is 
the  only  variety  which  comes  true  to  seed.  The  variation  in 
the  seedlings  of  the  common  varieties  of  blackberry  and  rasp- 
berries and  their  hybrids  are  existent  in  every  part  of  the 
plant  and  fruit.  The  crosses  within  the  specie  will  be  elimin- 
ated from  the  work.  No  plants  fruiting  have  shown  indica- 
tion of  being  worthy  of  consideration  as  a  new  variety  for 
introduction  into  general  use. 

Winter  Desdoation  of  Fmit  Treet. 

The  first  year's  work  with  trees  grown  in  sand  and  given 
nutritive  solutions  to  determine  the  influence  of  varying  quan- 
tities of  alkali  and  nitrates,  has  not  given  any  indication  that 
the  cause  of  the  trouble  is  a  result  of  an  unbalanced  food 
supply  in  these  particular  food  materials. 

Ilelati<m  of  8c^  Moisture  to  the  Keeping  Quality  of  Apples. 

The  work  on  this  project  was  conducted  along  similar  lines 
to  the  work  of  previous  years.  The  results  clearly  indicate 
that  60  long  as  the  moisture  conditions  of  the  soil  are  such  as 
to  produce  normal  fruit,  the  .keeping  quality  of  the  fruit  is  not 
noticeably  modified  by  that  factor.  The  extremely  large  fruits 
have  broken  down  in  storage  first  and  in  most  cases  the  fruit 
with  an  undersupply  of  color  of  the  red  varieties  have  broken 
down  before  those  highly  colored. 

Orchard  Cover  Crops. 

This  work  was  continued  along  the  lines  reported  in  the  last 
annual  report.  It  is  evident  in  the  rainfall  sections  that  late 
plowing  under  of  the  growing  cover  crop  in  the  spring  is  the 
cause  of  unsatisfactory  results  in  the  tise  of  such  crops.  Hu- 
mus is  developed  at  the  expense  of  the  fruit  crop  being  pro- 
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dueed  and  the  indications  ore  that  only  very  limited  value  can 
be  derived  from  cover  crops  in  Eastern  Washington  in  fmit 
-prodaeing  orehards. 
BenoTAtitm  of  Prime  Orchard!  in  Olarke  Gonnty. 

Work  on  this  project  confiiated  in  starting  fertilizer  tests  in 
five  orchards  in  which  nitrate  of  soda,  ground  blood  and  tank- 
age and  a  mixture  of  nitrate  of  soda  and  grovind  blood  and 
tankage  were  used.  Results,  although  incomplete,  indicate 
that  the  nitrate  of  soda  is  a  very  helpful  fertilizer  for  the 
prune  orchards  of  Clarke  County, 
Variety  Tests  of  Garden  Vegetableg. 

A  study  of  the  varieties  of  the  potatoes  grown  in  this  state 
indicate  that  in  Eastern  Washington  for  early  potatoes  the 
Early  Ohio  and  Early  Rose  are  best.  For  the  main  crop  the 
Burbank,  Rural  New  Yorker,  Gold  Coin  and  American  Won- 
der are  very  popular  and  profitable  varieties.  In  Western 
Washington  the  Early  Ohio  and  Early  Rose  and  Irish  Gobbler 
are  the  best  early  varieties.  The  Burbank,.  Pride  of  Multno- 
mah and  Rural  New  Yorker  are  the  leading  main  crop  vari- 
eties. In  the  irrigated  sections  the  Netted  Gem  and  Russet 
Burbank  are  the  leading  main  crop  varieties. 
Frost  Injury  to  Tender  Plants  and  Fmit  Tree  Blossoms. 

The  work  done  on  this  project  seems  to  indicate  that  re- 
sistance to  frost  injury  is  not  correlated  with  the  physical 
vigor  of  the  plant,  but  in  many  cases  seems  to  be  inversely  in 
proportion  to  the  amount  of  new  growth  developed  by  the 
plant.  Blossoms  produced  by  the  most  vigorous  plants  are 
usually  more  easUy  killed  than  those  produced  by  less  vigor- 
ous plants.  The  cell  tension  existing  in  the  plant  at  the  time 
of  a  reduction  of  temperature  to  the  danger  point  and  the  sub- 
sequent rise  of  temperature  is  probably  the  most  influential 
factor  determining  the  amount  of  injury  done. 

DIVISION  OF  IRRIGATION  ENGINEERING 

No  funds  were  appropriated  to  the  Mvision  of  Irrigation 
Engineering,  the  work  of  the  Division  being  confined  to  per- 
sonal aid  in  matters  pertaining  to  irrigation  engineering. 
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DIVIBIOir  OF  PLAITF  PATHOLOOT 

The  work  of  the  DiTiaion  of  Pl&nt  Pathology  during  the  paft 
year  has  resnlted  in  marked  progress  on  its  three  principal 
projects.  The  following  are  some  of  the  more  important  re- 
salts  obtained: 

Wheat  Smut. 

1.  Normal  grains  from  partially  smatted  heads  do  not 
transmit  the  disease. 

2.  Strong  bluestone  solution  (1-1  formula)  sprinkled  on 
the  seed  very  greatly  reduced  the  infection  from  smut  in  the 
soil. 

3.  Early  plantings  (August)  were  practically  free  from 
smut,  and  gave  good  yields. 

4.  Beplowing  which  had  been  suggested  as  a  means  of  re- 
ducing smut  iucreased  rather  than  reduced  the  yield. 

5.  Smut  loss  is  not  accurately  estimated  by  a  head  count. 

6.  Exhaust  fans  on  threshing  machines,  if  properly  in- 
stalled lessen  the  danger  of  explosions,  improve  the  quality 
of  the  wheat  and  prevent  much  of  the  snmt  dust  from  passing 
out  through  the  stacker. 

Khiiootonia  DiseaiM. 

1.  Additional  evidence  has  been  obtained  that  tomato 
blight  is  caused  by  Bhizoctonia,  and  that  the  disease  may  he 
transmitted  from  the  potato  to  the  tomato. 

2.  The  standard  mercuric  chloride  treatment  of  seed 
tubers  does  not  increase  the  yield  of  table  stock,  but  should 
be  used  tor  the  production  of  extra  fancy  or  seed  stock  free 
from  selerotia. 

3.  Seed  selection  is  of  more  value  than  seed  treatment  in 
the  prevention  of  loss  from  BhiEoetonia. 

FlreBUght. 

Leaf  invasions  of  B.  amylovorons  were  produced  by  inocula- 
tion and  a  certain  per  cent  led  to  twig  blight  by  migration 
downward  through  the  leaf  petioles. 
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Powdery  Scab. 

Tests  indicate  that  powdery  scab  od  potatoes  is  compara- 
tively harmless  in  Washington. 
Potato  Storage. 

Investigations  show  that  spindling  sprouts  of  potatoes  may 
result  from  poor  conditions  of  storage. 
Identificatioii  and  Study  of  Miscellaneous  Diseases. 

This  work  has  constituted  the  basis  of  the  Plant  Disease 
Survey  which  is  carried  on  in  co-operation  with  the  Federal 
Plant  Disease  Survey.  Specimens  and  inquiries  have  been 
received  from  all  the  adjacent  states  and  Canada  in  addition 
to  our  own  state.  The  number  of  diseases  diagnosed  on  the 
basis  of  specimens  sent  to  the  Experiment  Station  has  been  as 
follows : 

1915—500. 

1916—370. 

1917—394  to  January  1,  1918. 

A  detailed  report  giving  the  results  of  these  examinations 
is  being  prepared. 
Some  of  the  More  Important  Diaeases. 

No  attempt  will  be  made  to  list  all  of  the  diseases  that  were 
reported  during  the  year.  The  following  are  sodie  of  the  more 
important  diseases  that  are  new  to  the  state  according  to  all 
available  records: 

1     The  aecidial  stage  of  Puccinia  Graminis  on  the  barberry. 

2.  The  internal  black  spot  of  cabbage. 

3.  A  bacterial  ear  rot  of  corn. 

4.  Cottonwood  scab  due  to  Fusidadium  Tremulae. 

5.  Cranberry  rust  due  to  Pucdniasltum  myrtilli. 

6.  Cranberry  rot  due  to  Fuskoccum  Puirefaciens. 

7.  Fig  cankers  caused  by  a  Botrytis  species. 

8.  Gooseberry  fruit  spot  caused  by  Phylloslicia    Grossulariae. 

9.  A  bacterial  blight  of  the  blossoms  of  the  white  lilac. 

10.  Citrus  canker  on  oranges  imported  from  Japan. 

11.  Peony  scab  due  to  Cladosporium  peoniae. 

12.  The  bacterial  blight  of  English  Walnut. 
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A  namber  of  diseaaes  are  of  increasing  importance  and  de- 
maud  investigation  eitber  as  to  control  metliodB  or  etiology 
or  both.  These  are  in  addition  to  the  projects  already  under 
investigation.    The  following  may  be  mentioned: 

1.  The  crown  rot  of  fruit  trees.  Investigation  of  cause 
and  prevention. 

2.  Apple  anthrscnose.  A  further  study  of  the  life  history 
of  the  fungus  and  experimental  work  of  the  control  of  the 
disease. 

3.  Fusarium  rot  of  onions.    Etiology  and  control. 

4.  The  rough  bark  disease  of  both  apple  and  pear. 

5.  The  leaf  roll  and  silver  leaf  of  the  prune.  The  cause  of 
these  troubles  is  uncertain  and  no  remedial  measures  are 
known.  The  silver  leaf. disease  of  Washington  has  not  been 
shown  to  be  identical  with  the  disease  of  this  name  in  other 
regions. 

6.  The  cause  of  clover  failures  in  Western  Washington. 

7.  The  blight  of  alfalfa  due  to  Pyrenopeziza  MedicaginU. 

8.  The  value  of  spraying  for  potato  blight  in  Western 
WashingtOQ  and  the  distribution  of  this  disease. 

DIVISION  OF  SOILS 

Soil  Moisture  Project. 

The  results  obtained  from  this  project  covering  a  period  of 
fliz  years  on  the  Palouse  soil  show  conclusively  that  the  total 
moisture  supply  to  the  growing  plant  is  not  affected  by  varia- 
tions in  summer-fallow  tillage.  It  has  been  found  that  there 
is  sufficient  precipitation  every  winter  to  leave  the  soil  in  a 
completely  saturated  condition  in  the  spring  of  the  cropping 
season  even  though  the  summer-fallowing  has  not  been  prac- 
ticed. The  distribution  of  moisture  in  the  soil,  however,  is 
affected  by  summer-fallow  and  by  variations  in  the  methods 
of  tillage  practiced  in  that  some  plots  showed  a  much  higher 
moisture  content  than  others  in  the  surface  foot  of  soil. 
The  results  showed  also  that  the  moisture  in  the  surface 
foot  of  soil  if  held  there  during  the  warm  portion  of  the  year 
bad  a  favorable  effect  upon  nitrification  as  indicated  by  the 
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ioereaae  in  the  nitrate  cootent  of  sach  plots.  The  yield  of 
wheat  Taries  almost  in  direct  proportion  to  the  nitrate  cootent 
of  the  soil  and  consequently  the  conclosion  has  been  reached 
that  the  syBtem  of  tilla^  which  will  keep  the  largest  amount 
of  moistore  in  the  surface  foot  of  soil  during  the  summer- 
fallow  year  is  also  the  system  that  will  produce  the  best  crops. 


ng.  3 — (6)  No  summer  fallow — 20.5  bu.  wheat  per  acre.  (3)  Fall 
plowed,  early  eprlng  disked  and  harrowed — 62.7  bu.  per  acre. 
(8)  Late  spring  plowed  and  harrowed — 30.6  bu.  per  acre. 

Crop  Residue  and  Nitriflcation  Project. 

The  practice  of  summer-fallowing  on  the  soils  of  Eastern 
Washington  has  had  a  very  destructive  effect  on  the  organic 
matter  which  in  turn  has  had  a  detrimeutal  effect  on  the 
physical  condition  of  the  soil.  The  maintenance  of  btunus  in 
the  soil  requires  that  crop  residues,  green  manures  or  barn- 
yard manure  be  returned  to  the  soil.  These  facts  together 
with  the  experience  that  very  unsatisfactory  crop  yields  are 
often  times  obtained  when  an  effort  is  made  to  increase  the 
humus  supply,  have  prompted  this  work. 

A  field  of  36  plots  was  laid  out  to  determine : — 

1.  Beat  time  of  year  to  return  straw  to  the  field. 

2.  Comparison  between  plowing  under  or  surface  dressing 
ot  straw. 

3.  Comparison  of  straw  applied  alone  or  supplemented 
with  sodium  nitrate. 

4.  Comparison  of  straw  used  on  spring  or  winter  grain.. 
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Results  obtained  preriously  from  the  work  on  tiUatfe  plots 
have  shown  conclusiTel}'  tbat  nitrates  in  the  soil  are  the  limit- 
ing factor  in  crop  production  from  the  standpoint  of  fertility. 
The  questions  whether  a  commercial  fertilizer  containing  nitro- 
gen could  be  Bubstitnted  -for  summer-fallow  and  whether  sneh 
could  be  practically  introduced  in  Eastern  Washington  need 
an  answer.    Plots  were  laid  out  to  determine : — 

1.  Best  time  to  apply  a  nitrogen  fertilizer. 

2.  Amount  of  nitrogen  to  apply. 

3.  Comparative  value  of  sodium  nitrate  and  ammonium 
sulphate. 

4.  Comparative  effect  on  winter  and  spring  seeding. 

5.  Location  in  the  spring  of  nitrates  applied  in  the  fall. 

In  connection  with  this  work  several  fertilizer  tests  with 
Bodinm  nitrate  were  conducted  in  co-operation  with  farmera 
on  wheat  fields  in  the  vicinity  of  Pullman. 

The  season's  results  do  not  justify  drawing  conclusions  with- 
out further  tests. 

Soil  Fertility  Project. 

To  determine  the  limiting  factor  in  soil  fertility  23  fertility 
tests  were  conducted  in  the  field  in  co-operation  with  17 
County  Agents.  This  work  was  supplemented  by  pot  testa 
at  Pullman,  conducted  on  three  different  soil  types  with  a  total 
cf  80  pots  grown  to  oats  and  30  pots  grown  to  clover.  The 
results  from  this  work  should  prove  invaluable  as  a  means  of 
giving  definite  information  concerning  the  fertility  and  lime 


Pig.  4 — A  Western  Washington  soil — Melbourne  aeries.  A  pot 
l«8t  which  sbowB  that  the  soil  Is  In  need  o(  bolt  phosphorus  and  lime, 
ss  Indicated  by  the  Increased  growth  of  oats  produced  on  all  pota 
that  had  phospborus  and  lime  applied. 
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requirementa  of  at  least  a  few  of  the  important  soil  types  in 

the  State. 

Lind  SnbHrtatiiMi. 

The  Soils  Department  in  co-operation  with  the  Dry  Land 
Snb-Station  at  land,  Waah.,  is  condacting  tillage,  fertilizer 
and  crop  residue  experiments  on  74  plots  in  duplicate.  Thirty- 
six  of  these  plots  are  devoted  to  tillage  and  on  these  moisture 
and  nitrate  determiaationa  were  made  for  the  first  time  this 
year.  Results  indicated  that  there  were  very  wide  variations 
in  the  nitrate  content  of  the  different  plots  as  affected  by 
variations  in  tillage.  In  fact  the  variations  in  nitrates  were 
greater  than  the  variations  in  the  total  moisture  content  in  the 
plots.  This  would  tend  to  indicate  that  the  available  nitrogen 
sopply,  even  in  those  dry  land  soils,  may  become  a  more  direct 
limiting  factor  than  the  supply  of  moisture. 

Twenty  fertilizer  plots  were  laid  off  in  the  spring  of  1918 
with  the  intention  of  determining  the  limiting  factor  of  soil 
fertility,  both  from  the  standpoint  of  yield  and  quality  of  the 
product  produced. 

Eighteen  plots  were  laid  off  to  determine  the  value  of  crop 
residues  and  barnyard  manure  from  the  standpoint  of  time, 
manner  and  method  of  application. 
Pot  Work  on  Ortfp  Btsidnes. 

Last  year's  report  showed  that  an  application  of  straw  to 
soils  in  pots  deereaaed  the  yield  of  wheat.    This  work  was 
carried  on  again  this  year  on  another  soil  to  check  up  last 
year's  results.    The  following  table  gives  the  data: 
Trefttment  Qraln        Straw        Totkl 

gma.  gma.         sms. 

Control B.80  16.75  22.36 

Straw.  11  gate 4.S8  12.50  17.1S 

Straw,  22  gme 4.66  10.00  14.65 

These  pots  are  in  crop  again  this  year  so  that  tbe  residual 
effect  of  straw  may  be  determined. 

Last  year's  report  showed  that  when  straw  was  applied  to 
an  alfalfa  soO,  which  is  ordinarily  considered  very  productive, 
it  had  the  same  depressing  effect  on  the  yield,  as  is  indicated 
^  the  data  above.    When,  however,  this  same  soil  was  cropped 
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the  succeeding  year  the  residnat  effect  of  the  straw  applied 
the  preceding  year  was  apparently  beneficial,  as  indicated 
below. 

Treatment  Grain        Straw       .  Total 

KmB.  giuB.         Kms. 

Control 4.26  IS.OO  16.S6 

Btraw,  precedtng  7«ar,  11  Erms 5.«8         13.20         18.S8 

In  connection  with  this  work  the  pot  tests  on  crop  residnes 
and  manure  both  8np[deinented  with  green  alfalfa  were  con- 
tinued. It  was  found  tiiat  the  residual  effect  of  the  crop  resi- 
due in  the  second  year  was  also  beneficial,  as  indicated  by  an 
increased  yield  of  wheat  In  a  general  way  it  might  be  stated 
that  the  application  of  straw  has  a  depressing  effect  on  nitrifi- 
cation and  that  it  takes  almost  a  year's  time  before  this  effect 
is  sufficiently  orercome  to  bring  the  crop  yields  back  to  nor- 
mal. After  this  depressing  effect  is  overcome  the  crop  residue 
has  a  beneficial  residual  effect. 
Oarbon-Hitrogen  Ratio  in  Soils. 

An  effort  was  made  to  determine  the  effect  of  the  growing 
of  alfalfa  on  the  carbon  and  nitrogen  content  of  soils.  Soil 
samples  were  obtained  from  the  Palonse  section  and  also  from 
the  irrigated  fields  in  the  Wenatchee  and  the  Yakima  vaUej^a. 
The  tables  below  show  the  difference  in  the  carbon  and  the 
nitrogen  content  of  soils  grown  to  alfalfa  as  compared  to  soils 
under  clean  cultivation. 

WENATCHEE  BOILS 
Time  in       Soil  depth   Increase  In  nitrogen     Increase  In  carbon 
alfalfa          considered       In  lbs.,  per  acre          In  lbs.,  per  acre 
3  yrs 6  feet 680  lbs 16,800  lbs. 

3  yrs 4  feet 69  lbs 4,6«0  lbs. 

20  7TB e  feet 2,915  lbs 18,250  lbs. 

4yra. 4  feet 349  lbs 14,000  lbs. 

—  yra B  feet 784  lbs 18,100  lbs. 

Takinui  Sotie  _ 

6  yrs 4  feet; I.IIB  lbs 2.265  lbs. 

5yrs 4  feet 87  lbs. 3,486  lbs. 

15  yrs 4  feet 1,516  lbs 19,689  lbs. 

Syrs 4  teet 864  lbs 4,008  lbs. 

4  yrs 4  feet 1,254  Ibe 4,366  lbs. 

6  yrs. 4  feet 296  Iba 

7  yrs 4  feet 923  lbs 1,917  lbs. 

FAIiOUSB  BOILS 

18  JTS 4  feet 4,150  lbs 71,600  lbs. 

4  yrs. vetch   8  teet. 1,093  lbs 26,400  lbs.  ' 
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Soil  Samt^e  Tests. 

About  500  samples  of  soil  were  received  at  the  laboratory 
and  ezamined.  Tliese  samples  were  Bubmitted  by  farmers 
from  all  sections  of  the  state,  indicating  that  the  service  offered 
by  this  department  is  not  only  appreciated  but  ia  utilized.  In 
order  to  lie  of  best  service,  in  this  connection,  however,  the  de- 
partment should  devote  more  time  to  detailed  experimental 
work  in  the  field. 

DIVISION  OF  VETERINARY  SCIENCE 
Goitre  Dlsflase. 

The  work  in  this  division  has  been  confined  to  the  one  pro- 
ject, V.  6 ;  Goitre  and  associate  conditions  in  domestic  animals. 
The  major  part  of  the  investigation  of  these  conditions  was 
conducted  as  formerly  at  the  temporary  station  located  between 
IVisp  and  Winthrop,  in  the  Methow  Valley,  Okanogan  County. 

It  is  gratifying  to  note  that  during  the  past  year,  experi- 
mentation with  goats  and  sheep  has  yielded  some  extremely 
satisfactory  and  encouraging  results.  Three  different  lots  of 
these  animals  which  had  previously  given  birth  to  goitred 
young,  this  year  dropped  perfectly  normal  young  as  the  result 
of  treatment  with  iodine,  administered  by  different  methods. 
The  first  lot  was  treated  by  giving  two  grains  of  potassium 
iodine  daily  throughout  pregnancy;  the  second  by  injecting 
under  the  skin  once  a  week  throughout  pregnancy,  one-half 
mil.  of  tincture  of  iodine  mixed  with  five  mils,  of  water;  and 
the  third  lot  was  treated  by  pouring  one  mil.  of  tincture  of 
iodine  on  the  back  once  a  week  throughout  pregnancy.  Results 
in  all  cases  were  uniform  and  the  efficiency  of  iodine  as  an 
agent  for  the  prevention  of  congenital  goitre  and  hairlessness, 
at  least  in  the  case  of  goats,  has  been  proven  beyond  a  doubt. 
In  these  latter  animals,  it  was  possible  to  maintain  absolute 
checks  on  our  experimental  subjects. 

Constant  experimentation  during  the  past  three  years  has 
failed  to  yield  conclusive  results  in  the  case  of  hogs.  Different 
varieties  and  sources  of  food  and  water  given  to  sows  during 
pregnancy,  has  failed  to  cause  the  farrowing  of  hairless  pigs. 
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Fig.  B — A  pair  of  Btlllbom 
and  hairless  klde  affected  with 
goltra.  These  were  dropped  b7 
an  Angora  doe  (No.  20)  In  the 
Bprtng  of  1917.  No  treatment 
was  administered  to  this  do« 
during  pregnancy.    ' 


Fig.  6 — A  pair  of  normal  twin  kids  dropped  by  the  same  Angora 
ioe  (No.  20)  In  the  spring  of  1918.  after  administration  of  one-half 
mil.  of  tincture  of  Iodine  mixed  with  fire  mils,  of  water  under  the 
■kin  once  a  week  throughout  pregnancy. 
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In  practically  all  cases,  sows  at  the  StatioD  have  dropped  nor- 
mal pigs,  and  this  without  the  administration  ol  iodine.  It  is 
evident  that  hogs  are  much  less  susceptible  to  this  condition 
than  either  goats  or  sheep. 

A  detailed  comparative  Btudy  has  been  made  of  the  pathology 
ol  the  thyroid  glands  of  the  various  species  of  animals  and  this 
together  with  the  results  of  chemical  examination  points  to  a 
like  origin  of  goitre  in  goats,  sheep  and  cattle,  hairlessness  in 
pigs  and  the  condition  commonly  known  as  "weak  colts." 

DIVISION  07  ZOOLOGY  AND  ENTOMOLOaT 

The  usual  routine  of  identification  of  insects  and  other  pests 
and  of  furnishing  advice  for  their  control  has  been  greatly  in- 
creased because  of  war-time  interest  in  food  production  and 
conservation.  The  designation  of  the  Entomologist  as  project 
leader  in  extension  entomology  and  the  assignment  by  the  U.  S. 
Bureau  of  Entomology  of  five  entomological  aasistants  has 
served  as  never  before  to  correlate  station  with  extension  work 
and  to  carry  to  the  public  the  basic  investigations  of  this  in- 
stitntion.  Through  this  means  this  year  we  have  informally 
been  enabled  to  add  to  our  knowledge  of  the  work  and  control 
of  such  insects  as  the  coulee  cricket,  strawberry  root  weevil 
and  grasshoppers. 

Oranberry  Insects. 

For  several  years  certain  newly  introduced  insects  have 
been  iocreasing  to  such  an  alarming  extent  as  to  threaten  the 
cranberry  industry  of  Southwestern  Washington.  Already 
several  bogs  have  had  their  entire  crop  rained.  Preliminary 
surveys  during  1917  showed  that  the  main  damage  was  done 
by  the  blackhead  fireworm  (Eudemis  Vatxiniana),vi\av^  in  its 
new  environment  had  acquired  habits  remarkably  different 
from  its  behavior  in  the  East,  being  here  destructive  mainly 
to  the  fruit. 

Since  the  cranberry  growers  petitioned  the  U.  S.  Bureau 
of  Entomology  likewise  to  engage  in  a  study  of  their  pests  it 
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wu  deemed  expedient  to  join  forces  and  hence  a  formal  con< 
tract  was  entered  into  for  a  co-operatire  study  of  cranberry  in- 
xecta  in  the  region  north  of  Ilivaco. 


Among  the  results  of  this  season's  co-operative  work  may 
be  mentioned  the  following : 

1.  The  identification  of  the  devastated  species  was  veri- 
fied, and  its  life  cycle  and  fruit  feeding  habits  investigated. 
It  was  ascertained  that  the  times  of  greatest  abundance  of 
the  larvae  were  the  latter  part  of  May  for  the  first  brood  and 
the  middle  of  August  for  the  second,  while  unlike  the  eastern 
form,  a  partial  third  brood  of  larvae  appeared  during  Sep- 
tember, 

2.  Suggested  methods  of  spraying  were  tested.  These 
showed  the  necessity  of  using  a  spreader  such  as  soap  or  glue 
with  the  insecticide.  In  general,  better  results  were  obtained 
with  nicotine  spray  than  with  the  customary  arsenical. 
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3.  Locally,  a  native  weevil  (  Geoderces  Ineomptus)  vas 
found  destrnctive,  and  the  cranberry  girder  ( Crambms  Horttt- 
etlus)  vaa  noted  as  widespread  though  causing  relatively  lit- 
tle harm 

Independently  of  the  co-operative  study  the  entomologist 
carried  on  some  spraying  tests  in  a  heavily  infested  bog,  to 
determine  if  the  penetration  system  of  spraying  developed  at 
this  Station  could  be  adapted  to  bog  conditions.  Inasmuch  as 
the  over-wintering  e^s  and  hatching  larvae  of  the  fireworm 
occur  exclusively  on  the  underside  of  the  leaves  within  a  few 
inches  of  the  ground  it  was  deemed  advisable  to  drive  a  hori- 
zontal flat  spray  among  the  matted  vines  instead  of  depending 
on  the  usual  mist-spray  settling  down  from  above.  This  test 
apparently  has  given  the  keynote  to  future  spraying  proced- 
ure since  the  area  bo  treated  developed  the  fewest  larvae  of 
the  bog. 

TmimiTiity  of  tiio  San  JoH  Scale  to  Sprays. 

In  order  to  bring  together  under  the  same  environment  scale 
insects  from  the  several  regions  of  the  state  an  attempt  was 
made  to  transfer  such  scale  insects  to  potted  trees  in  the  in- 
sectary  building.  While  many  thousands  of  scales  in  all  were 
transferred,  being  lifted  off  by  a  fine  camel's  hair  brush  im- 
mediately after  birth  and  laid  on  the  potted  trees,  the  experi- 
ment waa  unsuccessful.  For  acme  unknown  reason  the  trans- 
ferred scales  remained,  naked  throughout  their  life.  Most  of 
the  scales  died  early  in  the  experiment;  a  few,  however,  lived 
to  develop  some  strands  of  white  wax,  which  failed  to  agglom- 
erate and  form  the  protecting  shell  so  characteristic  of  scale 
insects.  Those  that  reached  maturity  did  not  reproduce  in 
the  artificial  climate  of  the  insectary.  Absolute  failure  has 
repeatedly  been  met  in  trying  to  get  the  San  Jose  scale  to 
thrive  at  Pullman,  both  out  of  doors  and  within  the  insectary, 
which  is  rather  a  commentary  on  the  usual  idea  that  the  San 
Jose  acale  ia  the  worst  orchard  pest. 

A  more  sacceasfnl  venture  was  an  exchange  of  infested  treea 
between  Clarkston  and  Wenatchee.  These  trees  were  treated 
with  identical  solutions  of  lime-snlphur  and  in  line  with  our 
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previooB  results  a  greater  reBifitaoce  to  the  spray  was  shown 
by  the  Clarkston  scales.  During  the  spring  monthH  the 
ezteuaive  spraying  tests  of  preceding  years  were  repeated  at 
Clarkston,  Walla  Walla,  Yakima  and  Wenatchee.  Coonts  one 
by  one  of  many  thousands  of  scales  at  defmite  interrats  sub- 
sequent to  the  spraying  showed  as  heretofore  a  marked  degree 
cf  difference  in  resistance  to  the  polysolphide  sprays  accord- 
ing to  the  provenience  of  the  insects.  Scales  from  Wenatchee 
were  relatively  highly  ausceptibie,  while  those  from  Clarkston 
showed  a  striking  resistance. 

In  connection  with  this  work  tests  of  nii&uy  insecticides  were 
made,  which  have  an  ultimate  practical  bearing.  The  highest 
grade  of  miscible  oils  used  at  five  per  cent  strength  proved 
much  quicker  acting  and  more  efficient  than  the  eostomary ' 
polysulphid  sprays,  but  samples  of  one  widely  used  brand  ob- 
tained in  different  localities  lacked  uniformity  to  an  astonish- 
ing degree.  A  dry  form  of  lime-sulphur  did  not  measure  up 
to  the  liquid  in  efficiency  and  is  far  too  expensive  for  recom- 
mendation. Lime-sulphur  testing  three  degrees  Beaume  is 
usually  as  efficient  as  a  Wronger  spray,  but  where  scales  show 
a  resistance  to  this  strength  they  are  resistant  likewise  to  a 
much  greater  concentration.  In  such  cases  it  is  advisable  to 
use  a  good  grade  of  heavy  oil  spray. 

Taxonomy  of  Insects. 

Some  technical  research  on  the  classification  of  certain 
groups  of  insects  has  been  carried  on  in  the  entomology  lab- 
oratories, A  paper  dealing  with  Drapeih,  a  group  of  preda- 
tory flies,  appeared  in  the  Annals  of  the  Entomological  Society 
of  America,  Valume  XI,  pages  183-221  (June,  1918).  A  similar 
study  of  the  related  genus  Plafypalpus  has  been  made  and  is 
ready  for  publication.  A  monographic  review  of  the  seav 
enger  and  dung  flies  belonging  to  the  family  Borboridae  has 
been  practically  completed. 

Blolf^cal  SniToy  of  Washington. 

In  informal  co-operation  with  the  Bureau  of  Biological  Sur- 
vey of  the  U.  S.  Department  of  Agriculture  this  division  made 
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a  Horvey  of  the  base  of  Mount  Adams  and  of  the  Wenas  Val- 
ley, daring  the  summer  of  1917.  The  entomologist  similarly 
was  afield  in  insect  scouting  work,  particnlarl;  in  Western 
'Washington,  going  from  place  to  place  by  antomobile  so  as  to 
come  into  direct  contact  with  the  insect  problem  of  that  part 
of  the  state. 

ADAHS  BBANOH  EXFEBIMZNT  STATION 

1917  was  the  first  crop  year  on  the  Adams  Branch  Experi- 
ment Station.  Crop  conditions  were  on  the  whole  unfavor- 
able, the  late,  cool  spring  causing  slow  development,  activity 
of  wire  worms  thinning  stands,  and  hot  summer  weather  seri- 
ously affecting  ripening  grain. 
CerealB. 

Because  of  onfavorsble  weather  conditions,  no  fall  sown 
grain  on  the  station  survived  the  winter.  All  data  secured, 
therefore,  is  on  spring  sown  varieties. 

Twenty-eight  varieties  were  tested  under  field  conditions. 
In  addition,  over  100  other  varieties  wer'e  tested  in  the  cereal 
nursery.  The  five  best  varieties  were  Early  Baart,  Wash.  No. 
618  with  a  yield  of  13.8  bushels  per  acre;  Karun  No.  1333, 
13.6  bnshels;  Bobs  No.  1331, 13.1  busheU;  Eoola  No.  1332,  12.4 
bushels;  Blueatem  No.  501,  8.9  bushels. 

Of  the  varieties  tested,  Early  Baart  is  the  leader.  This 
variety  of  recent  introduction  now  is  widely  grown  in  the 
drier  sections  of  the  state,  being  popular  both  from  the  grow- 
ers' and  the  millers'  standpoint. 

The  result  of  one  year's  test  on  date,  rate,  and  depth  of 
seeding  spring  wheat,  is  too  inconclusive  for  report.  How- 
ever, in  general,  the  early  date,  the  heavier  rates  and  a  depth 
at  least  sufficient  to  prevent  drying  out  of  seed  gave  the  best 
returns.  One  great  advantage  of  the  heavier  rates  lay  in  the 
more  complete  control  of  weeds. 

Of  the  other  cereals  under  test,  the  best  spring  rye  gave  an 
acre  yield  of  10.5  bushels,  spring  barley  16.2  bushels,  and 
spring  oate  19.5  bushels.  Millets  were  seeded  at  two  different 
dates  with  very  indifferent  results. 
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Fonge. 

Results  with  forage  cropa  were  not  psrtienlarly  enconrag- 
ing.  A1f^if«  and  sweet  clover  were  bo  light  in  yield  as  to 
offer  very  little  encouragement.  Com  returned  7.1  bushels 
of  grain,  aad  1500  poonds  of  stover  per  acre;  broom  com  4000 
pounds  of  stover  per  acre,  and  Russian  Honflower  also  4000 
pounds  per  acre.  Of  all  forage  crops  tried,  field  peas  seem 
most  promising. 

The  best  varieties  of  field  peas  grown  in  1917  and  their 
yields  were  as  follows :  Bangalia,  S.  P.  I.  8.9  bushels  per  acre ; 
CRourke  S.  P.  I.  7.3  bushels;  Amraoti  S.  P.  I.  6.9  bushels; 
Lima,  S.  P.  1.  .  ..7  bushels;  Carleton,  S.  P.  I.  6.6  bushels;  Ca- 
nadian S  P.  I.  6.6  bushels. 

Peas  may  offer  possibilities  where  they  can  be  harvested  by 
stock,  but  for  grain  alone  the  crop  can  not  compete  with 
wheat. 

Additional  work  in  winter  cereals,  tillage  problems,  soil 
fertility  and  rotations  are  also  under  way. 

WATEBVILLE  BBAHOH  EXPERIMENT  STATION 

Intended  primarily  as  a  forage  experiment  station,  work 
on  the  "Waterville  Station  combines  cereal  production  with  for- 
age cropping. 

The  best  yielding  winter  wheats  were  as  follows :  Turkey 
Bed  No.  —  32.5  bushels  per  acre ;  Turkey  Bed  Noj  326,  30.4 
bushels;  Triplet  No.  597,  29.9  bushels;  Turkey  Bluestem  No. 
540,  27.3  busbeU;  Hybrid  No.  128,  36.2  bushels. 

The  best  yielding  spring  wheat  varieties  were  as  follows: 
Bluestem,  Wash.  No.  362,  28.7  bushels  per  acre ;  Early  Baart, 
"Wash.  No.  618,  26.5  bushels;  Cbul x Bluestem,  Wash.  No.  622, 
25.4  bushels;  White  Eaiiott,  Wash.  No.  1351,  22.6  bushels. 

Field  peas  were  also  grown  on  the  Waterville  Station.  The 
best  yielding  varieties  were  as  follows:  Kaiser  S.  P.  1.  No. 
17006,  16.9  bushels  per  acre;  Lima  S.  P.  I.  No.  23850,  15.4 
bushels  per  acre;  Amraoti  S.  P.  I.  No.  21709,  14.2  bushels; 
Bangalia  S.  P.  L  No.  21288,  13.1  bnahels;  Grey  Winter  S.  P.  I. 
No.  16436,  13  bnshels. 
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Other  crops  have  not  been  grown  long  enough  for  a  report 
to  be  made. 

An  additional  160  acres  has  been  leased  for  enlarging  the 
station  and  is  being  put  into  condition  for  the  experimental 
work  in  1919. 

PROSSEK  B&AKOH  STAHOIT 

The  last  legislature  authorized  the  selection  of  a  site  for  an 
irrigation  experiment  station  and  delegated  authorit7  to  select 
such  site  to  the  State  College  of  Washington.    A  committee 


R.ZS£..kiLM. 


Fig.  8 

Proposed  Site  of  trri^fation  Station 
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was  therefore  appointed  incladins  the  Irrigation  Engineer 
and  the  AasiBtant  Boil  FhTsicist  of  the  Washington  Experiment 
Station  and  the  Irrigation  Engineer  of  the  V.  8.  Beclamation 
Service  for  Yakima  Valley  and  a  represeDtatiTe  from  tli* 
n.  S.  Department  of  Agriculture.  Several  avaOable  sites  were 
eonsidered  and  a  site  finaUy  selected  four  miles  northeast  of 
Prosser  aboTe  the  Sonnyside  Canal,  as  indicated  in  Fig,  8. 

The  Northern  Pacific  Railway  Co.  donated  tract  No.  1  and 
gave  an  option  on  tract  No.  2  for  $30  per  acre  on  condition 
that  $2000  be  spent  on  improvements  within  one  year,  the 
option  to  be  taken  ap  within  30  days  after  the  close  of  the 
sixteenth  session  of  the  Legislature.  These  two  tracts  were 
held  under  contract  by  the  Hon.  E.  F.  Benson,  Commissioner 
of  Agriculture,  and  the  payments  which  he  had  made  the  rail- 
way company  on  the  two  contracts  were  accepted  as  total  con- 
sideration for  the  80-acre  tract  deeded  to  the  state. 

F.  M.  Bothrock  has  also  granted  a  favorable  option  on  tract 
No.  3.  The  soil  of  the  entire  tract  of  207.98  acres  varies  from 
a  light,  sandy  loam  to  a  heavy,  sandy  loam  and  is  well  suited 
to  the  purposea  of  experimentation.  Since  this  tract  lies  above 
the  old  ditch  and  is  to  be  watered  from  a  pipe  line,  there  is 
practically  no  danger  of  seepage.    The  tract  offers  all  slopes. 

The  citizens  of  Proeser  donated  $3000  for  the  initial  develop- 
ment of  the  tract  and  the  work  of  clearing,  plowing  and  level- 
ing is  in  progress. 

OFTIOE  OF  FA&H  HAEKETB 

The  fifteenth  Legislature  passed  an  act  creating  the  "Office 
of  Director  of  Farm  Markets"  with  an  appropriation  of  $15,- 
000  for  the  bienniom,  and  authorized  the  Director  of  the  Ex- 
periment Station  to  nominate  the  Director  of  Farm  Markets - 
and  requisition  the  expenditure  of  the  appropriation.  The 
law  became  effective  June  8,  1917,  and  active  work  began  by 
the  appointment  of  Asher  Hobson  as  Director,  with  head- 
quarters at  Pullman.  The  Bureau  of  Markets  of  the  United 
States  Department  of  Agriculture  has  contributed  $1143.55 
and  the  Extensiou  Serviee  of  the  State  College  $1600.00  for 
eo-operative  work  in  marketing. 
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The  offiee  has  mainUinod  «a  aMutant  and  a  daric  £ar  fall 
feniM  aad  kaa  aeimred  conaiderabla  aid  through  the  hear^ 
W-operation  of  the  State  Department  of  AKricoltura, 

The  following  is  a  brief  summary  of  the  activities  of  thia 
office. 

1.  Organized  15  co-operatiTe  marketing  assooiationa. 

2.  Investigated  and  rendered  a  decision  on  10  oomplainta 
of  shippera  of  farm  produce. 

3.  C(mducted  Food  Survey  (Federal  Bureau  of  Markets) 
city  of  Walla  Walla. 

4.  Addressed  196  previously  advertised  public  meetings. 

5.  Participated  in  192  marketing  conferences  with  indi- 
viduals and  committees,  exclusiTC  of  office  conferences. 

6.  Aanalysed  business  activities  of  the  Washington  Co- 
operative Egg  and  Poultry  Association. 

7.  Compiled  classified  mailing  list  of  growers  of  the  state. 
6.    Compiled  classified  list  of  wholesale  dealws  of  Wash- 

mgton  farm  products,  of  Pacific  Northwest 

9.  Compiled  classified  list  of  farmers'  business  organiza- 
tions of  the  state. 

10.  Issued  Monthly  Cold  Storage  Beporte  for  atate  since 
November,  1917. 

11.  Published  two  bulletins. 

12.  Issued  19  circulars. 

13.  Contributed  16  special  articles  on  marketing  subjects 
to  the  agricultural  press. 

14.  Conducted  extensive  research  work  on  co-operative  aud 
cold  storage  lawa  in  the  United  States. 

15.  Made  detailed  study  of  Public  Markets  in  the  atate 
of  Washington. 

16.  Issued  76  certificates  of  inspection. 

17.  Used  87,460  franked  envelopes  and  11,000  franked 
cardi. 
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'  PUBUOATIONB 

Th«  following  publleattona  wwr*  pnp&red  bj  members  ot  ttas  Bx- 
psrlment  Station  atalf  and  pnblliltad  durlns  the  year: 


147.  Factors  Inflaenclng  Water  Reqalrementa  of  Plants,  b7  C.  C. 
Thorn  and  H.  T.  Holts. 

I4S.     Evaporation  of  Fruit  and  Vegetables,  br  J.  8.  Caldwell. 

140.  Preparation  and  Use  of  Pu^e  Cultures  for  Legume  Inocula- 
tion, by  0.  A.  Magoon  and  B.  8.  Dana. 

IBO.     Studies  on  the  Morphology  of  Wheat,  b;  Q.  H.  Jensen. 


Home  Preparation  of  Breakfast  Foods  and  Flour  from  Whole 

Oraln,  by  Geo.  A.  Olson, 
lis.     Potatoes  (poster)  Some  Potato  Production  Requisites,  by  R. 

J.  Barnett,  F.  D.  Heald,  and  A.  L.  Melander. 
114.     Two  Methods  ot  Preserving  Bggs,  by  Oeo.  A.  Olson. 
Newspaper  BoUetlns. 

544.  Silace  for  Horses,  Sheep,  Cattle  and  Swine,  by  Wm,  Hlslop. 

545.  Separate  the  Ram  Lambs  from  the  Bwe  Lambs,  by  Wm. 
Hlslop. 

246.  Statement  of  Situation  Relating  to  the  Increase  of  the  1918 
Wheat  and  Rye  Crop,  by  Geo.  Sererance. 

247.  PlantlBC  a  War  Wheat  Crop,  by  91.  Q.  Sctaafer. 

248.  Increasing  Wheat  ProduoUon  Through  Better  Tillage  Methods 
In  Regions  of  Light  Rainfall  (less  than  18  In.),  by  A.  H. 
Richardson. 

260.     Sprouted  OaU  for  Poultry,  by  Mrs.  H.  D.  Whltaker. 

The  following  Extension  publications  were  prepared  by  members 
of  the  Elxparlment  BUtlon  staff: 


29.     The  Bulk  Handling  of  Qraln  on  Washington  Farms,  by  Asher 

Hobson. 
80.     Directory  of  Breeders  of  Pure-Bred  Livestock  In  Washington. 

Complied  by  Wm.  Hlslop. 
36.     Spraying  Formulas  tor  Oarden  Insects,  by  A.  L.  Melander. 
86.     State  Plan  lor  Increasing  Food  Production  (lor  1618),  by  Qeo. 

Severance. 
St.     Spraying  Formulas  for  Orchard  Insects,  by  A.  L.  Melander. 
41.     Spraying  Practices  for  Fruit  Diseases,  by  F.  D.  Heald. 
44.     Selection  and  Care  of  the  Dairy  Herd  Sfre,  by  E.  0.  Woodward. 
46.     Dairy  Feeding  Chart,  by  E,  G.  Woodward  and  K,  B,  Husser. 
46.     Prevention  of  and  Protection  from  Smut  Dust  Explosions  and 

Fire  In  Oraln  Separators,  by  E.  Q.  Thornton. 
Cbrcnlar. 

4.     Ton  Can  Control  Stinking  Smut  of  Wheat,  by  P.  D.  Heald. 
BnbHDology  Olrcnlars  by  A.  L.  Helaudar, 
1.     Treatment  for  Insects  Infesting  Stored  Oraln,  Etc. 
i.     Currant  and  Gooseberry  Maggots. 
8.     Bed  Bugs. 

4.  Codling  Moth  Spraying. 

5.  Bee  Culture  Suggestions. 
«.     Ants. 

7.     Cutworms. 
Botany  Otavolar.  ^ 

S.     Inoculation  of  Legumes,  by  T.  J.  Murray.   ,  .,„„,|  v  CjOOqIc 
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Waabfagton  Asrionltnral  Experiment  Station 

In  aocount  with 
The  TTnlted  States  Appropriations,  1917-1018 


Dr.  Ha,tcli 
Reoelptg  from  tha  Treasurer  of  tbe  United 
Btatai,  u  per  ftpproprlatious  for  flacal 
year  ended  June  30,  191S,  under  acU  of 
Congresa  approved  Harcb  i,  1887  (Hatch 
Fund)     and     March     16,     1906     (Adams 

Fund) IIB.000.00 

Cr.  Abstract 

Salaries    1      |  8,648.17 

Labor 2  2,755.47 

Publications 3  617.54 

Poetage  and  atatlonerr   4  451.14 

Freight  and  express    6  146.89 

Heat,  light,  water,  and  power 6  32.66 

Chemicals  and  laboratory  supplies. ...      7  25.00 

Seeds,  plants,  and  sundry  supplies.  ...      8  797.58 

FertlUzera 9  74.86 

Feeding  stuffs    10  86.7S 

Ubrary 11  11.65 

Tools,  machinery,  and  appliances.  ..  .    12  141.88 

Furniture  and  Oxtares    13  378.74 

Scientific  apparatus  and  specimens. .  .    14  IS9.36 

Live  stock IG  

TraTBllng  expenses 16  673.47 

Contingent  expenses 17  20.00 

Bulldinga  and  land 18  

Total <1B.000.00 


26.23 
53.89 
11.00 
665.G5 
8S.83 
24.05 
1.G14.6G 

liV.SB 
45.71 

365.81 
60.00 

277.61 
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nirANOIAL  STATEHXNT 


State  Fnndi  Expended  on  Main  Station  and  All  Branoh  Sta- 
tions, Inoludini;  the  Weftem  Waihington  Station 
April  1, 1917,  to  March  81,  1918 


State 

Contrl- 

Appropriation 

buUons 

Sales 

Total 

BalarloB 

19,059.1! 

t  66.00 

1  3,326.66 

132.450.77 

Labor  

10,717.31 

2,771.08 

13,488.39 

Publlcatlona 

8,060.72 

2,614.17 

6,674.89 

Postage  and  stationer?. . 

1.174.91 

859.11 

2,034.02 

Freight  and  eipress 

781.34 

181.14 

962.48 

Heat,    light,   water,    and 

power 

586.90 

206.69 

793,69 

Chemical  and  laboratorj 

supplies 

221.13 

Seeds,  plants  and  suadry 

supplies 

2,732.06 

20.12 

1,312.68 

4.064.86 

Fertilizers 

57.90 

193.27 

251. IT 

Feeding  stufte 

6,760.46 

1,372.21 

7,132.66 

Library  

262.89 

13.50 

275.89 

Tools,  Mach'r  and  appli- 

ances   

2,279.44 

2.26 

336.63 

2,618.38 

Furniture  and  Ilitures.  . 

689.46 

96.69 

786.14 

Sci.  apparatus  and  sped- 

Llvestook 

250.00 

250.00 

Traveling  expenses   .... 

2,161.97 

52.93 

782.46 

2,997.36 

Buildings 

7,589.11 

1.347.00 

8,946.11 

68.176.22 

(140.30 

116,099.46 

174,416.98 

Uarch  31,  1918,  balances 

68.57 

5.338.89 

5.402.46 

158,176.22  1203. 


,87  $21,438.36   (79,818,44 


April  1, 1917  balanM  oa 
EecetptB    


$58,176.22  1203.87  |21,4S8.36   |79, 818.44 
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Assistant   Bacteriologist 
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OHAirass  IN  sTArr 

Dr.  Ira  D.  Cardiff  resigned  as  Director  of  the  Experiment 
Station  April  30th,  1917,  and  the  vacancy  waa  filled  tempo- 
rarily by  the  appointment  of  George  Severance,  Head  of  the 
Departmetn  of  Apiculture,  as  Acting  Director.  An  advisory 
staff  was  appointed,  consisting  of  Dr.  F.  D.  Heald,  Pathologist ; 
O.  L.  Waller,  Irrigaton  Engneer;  George  A.  Olson,  Chemist; 
Dr.  J.  W.  Kalkus,  Veterinarian,  and  Dr.  A.  L,  Melander, 
Entomologist. 

O.  E.  Barbee,  class  of  1916,  Washington  State  College,  was 
appointed  Assistant  in  Farm  Crops,  April  1st,  1917. 

C.  A.  Thompson  was  appointed  Assistant  in  Soils  on  the 
Adams  Branch  Experiment  Station,  April  Ist,  1917. 

Mr.  Claude  B.  Sprague,  Assistant  Horticulturist,  rescued 
April  20,  1917,  to  accept  the  appointment  of  County  Agent, 
Kitsap  County.    The  vacancy  was  not  filled. 

M.  B.  Boissevain,  Assistant  in  Farm  Crops,  stationed  at 
Waterville,  resigned  May  17th,  1917,  to  accept  an  appointment 
as  County  Agent  in  Wyoming.  He  was  employed  jointly  by 
the  Waterville  Board  of  Educaton  and  the  Washington  State 
College,  devoting  one-half  time  to  each  service.  The  arrange- 
ment was  discontinued  after  Mr.  Boissevain 's  resignation. 
Superintendent  M.  A.  McCall  of  the  Adams  Branch  Station 
continued  the  work  with  non-salaried  labor  after  the  resigna- 
tion of  Mr.  Boissevain. 

mPORTANT  ADDITIONS  TO  EQUIPHXHT 

During  the  year  the  College  purchased  157.3  acres  of  typical 
Palouse  land  adjoining  the  present  college  farm.  This  land 
was  assigned  to  the  College  of  Agriculture  with  the  under- 

*  Owing  to  the  resignation  of  the  Director  so  near  the  close  of  the 
fiscal  year  ending  July  1,  1917,  the  Twenty- seventh  Annual  Report  was 
not  issued  at  the  close  of  that  fiscal  year.  In  order  to  make  the  pub- 
lished record  continuous  the  following  brief  summary  of  facts  is  issued 
as  the  Twenty- seventh  Annual  Report. 
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standing  that  the  Experiinent  Station  would  be  granted  the 
use  of  such  portions,  from  time  to  time,  as  migtb  be  needed 
for  field  experiments.  The  Board  also  purchased  another  tract 
of  eight  acres  adjoining  the  present  cereal  nursery  and.  as- 
signed the  same  specifically  to  the  Experiment  Station.  No 
other  unusual  equipment  was  added  to  the  main  Experiment 
Station  at  Pullman  during  the  year. 

On  the  Dry  Land  Station  at  Lind,  a  machine  shed,  shop, 
bunk  house,  and  hog  houses  were  added  to  the  building  equip- 
ment that  had  been  erected  during  the  preceding  fiscal  year. 
A  threshing  outfit,  including  an  engine,'  a  binder  operated  with 
a  gasoline  engine,  and  a  stock  scale  were  added  to  the  equip- 
ment. Two  hundred  forty  rods  of  hog-tight  fence  were  erected 
for  the  protection  of  the  experimental  work. 

At  the  Waterville  sub-station,  an  office,  machine  shed  and 
280  rods  of  hog-light  fence  were  constructed,  A  moderate 
equipment  of  farm  tools  was  also  added, 

PROJECTS  UNDER  INVESTIGATION 

The  following  is  a  complete  list  of  approved  projects  under 
investigation. 

Station  No. 
Agronomy  26 
Agronomy  27 
Agronomy  28 
Agronomy  29 
Botany  30 


Botany  31 

Botany  '33 

Botany  34 

Botany  35 

('hemistry  2(i 

Chemistry  30 


Chemistry  32 

Chemistry  33 

Dairy  5 

Dry  Laud  1 

Dry  Land  2 


Name  of  Project       Sourse  of  Support 
Variety  testing  of  cereals. ,  .Hatch  and  State 

Increase  and  Distribution  of  Seed State 

Inheritance  in  Cereals Adams  and  State 

Forage  Investigation Hatch  and  State 

Metabolism  of  Tubercle  Bacilli 

Adams  and  State 
Wheat  Smut. Hatch,  State  and  Special  B,P.f. 
Tomato  Blight  &  Related  Diseases, .  .Adams 
Relation  of  ripening  processes  in 
prunes  to  drying  pro  cesses.  Adams  and  State 
Biochemical  study  of  apple  varieties. , , State 
Functions  of  sulphur  as  a  plant  food . .  Adams 
Progressive  Development  of  Wheat 

Kernel   Adams 

Relation  of  Composition  of  Wheat 

to  Soil  Type? Adams 

Baking  Qualities  of  Flour Adams 

Influence  of  Cultivation  on  the  Nitro- 
gen Content  &  Yield  of  Wheat Adams 

Abnormal  Milk   Hatch 

Dry   Land  Cereal  Investigations Stato 

Dry  Land  Forage  Investigations State 
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Dry  Land         3    Dry  Land  Tillage  Investigations State 

Dry  Land  4    Dry  Land  Permanent  Fertility 

Investigations   State 

Dry  Land  5    Dry  Land  Tree  Trials  &  Distribution.  .State 

Dry  Land  6     Dry  Land  Post  Treating  Trials State 

Entomology    22    A  Physiological  Study  of  the  Changes 

Produced  by  Endoparasites Adams 

Entomology    30    Progressive  Immunity  of  Insects Adams 

Entomology     31     Strawberry  Root  Weevil Hatuh 

Horticulture    12     Orchard   Pollination    Hatch 

Horticulture    13     Mendels  Law  in  Blackberry  &  Rasp- 
berry  hybrids    Adams 

Horticulture    17     Winter  dessicntion  of  Fruit  Trees. .  .Adams 
Horticulture    18     Relation  of  Soil  Moisture  to  Keeping 

Qualities  of  Apples State  and  Hatch 

Horticulture   21     Top  Graftmg  of  Fruit  Trees. State  and  Hatch 

Horticulture    22     Orchard  Cover  Crops State  and  Hatch 

Horticulture    2;i     Renovation  of  Prune  Orchards  in 

Clark  County   State  and  Hatch 

Horticulture    24    Variety  Test  of  Garden  Vegetables 

State  and  Hatch 
Horticulture    28     Frost  Injury  to  Tender  Plants  and 

Fruit  Tree  Blossoms State  and  Hatch 

Soils  i    Soil  Moisture  Studies    Adams 

Veterinary        6     Goitre  and  associated  conditions 

in  Domestic  Animals Adams  and  State 

No  new  projects  were  added  during  the  fiscal  year,  though 
several  miseellaneous  lines  of  work  have  been  attended  to  by 
different  departments. 

On  account  of  the  ravages  of  crickets  in  certain  portions  of 
the  Big  Bend  Area,  the  Legislature  appropriated  $2000  to  be 
used  by  the  State  Experiment  Station  to  combat  the  pest. 
This  was  not  a  regularly  approved  project  of  the  Station  but 
was  conducted  as  emergency  work  by  the  Division  of  Entomol- 
ogy, and  reported  in  Bulletin  No.  137,  "The  Coulee  Cricket." 
Disastrous  outbreaks  of  the  blackhead  fireworm  in  some  of 
the  best  kept  cranberry  bogs  of  Pacific  County  called  for 
emergency  visits  of  the  Entomologist.  Although  few  remedial 
measures  were  experimented  with,  a  survey  of  the  situation 
was  made,  resulting  in  a  recommendation  that  it  be  made  a 
regular  project  of  the  Experiment  Station. 

Another  emergency  investigation  was  made  in  cooperation 
with  the  XJ.  S.  Department  of  Agriculture  and  the  Engineer- 
ing Department  of  the  State  College  to  determine  the  cause 
.^f  and  possible  methods  of  controlling  the  various  forms  of 
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smut  explosions  and  also  the  possibility  of  catching  and  de- 
stroying a  large  percentage  of  the  smut  at  the  threshing  ma- 
chine in  an  effort  to  reduce  the  amount  of  soil  contamination. 
The  results  were  reported  in  Extension  Bulletin  No.  46,  "Pre- 
venlioD  of  and  Protection  from  Smut  and  Dust  Expiogions  and 
Fire  in  Grain  Separators." 

A  considerable  portion  of  the  time  of  J.  S.  Caldwell,  Plant 
Physiologist,  was  devoted  to  rendering  assistance  to  several 
commercial  concerns  in  planning  fruit  evaporators. 

The  Lind  and  the  Waterville  Branch  Stations  were  both 
under  the  direction  of  M.  A.  McCall,  Superintendent  of  the 
Lind  Branch  Station.  Dry  Land  projects  one  to  four  as  listed 
under  the  list  of  Station  projects  were  carried  on  at  both 
branch  stations,  while  Dry  Land  projects  five  and  six  were 
conducted  at  Waterville  only. 

The  Office  of  Cereal  Investigations  of  the  U,  S.  Bureau  of 
Plant  Industry  contributed  $2500  toward  cereal  invest!  gatiouH 
at  the  Lind  Station. 

The  Winthrop  Station,  in  charge  of  Dr.  J.  W.  Kalkus,  was 
devoted  entirely  to  further  study  on  the  Goitre  disease 
problems. 

FUBU0ATION8 

Oenural  Bulletins 
No. 
133     A  Soil  Survey  of  the  Proposed  Palouse  Irrigation  Project, 

by  H.  P.  Holtz. 
1.14     Sheep  Husbandry  in  the  Pacific  Northwest,  by  William 

Hislop  and  C.  E.  Howell. 

135  Inheritance  in  Wheat,  Oats  and  Barley,  by  E.  F.  Gaines. 

136  The  Twenty-sixth  Annual  Report,  by  Uie  Durector, 

137  The  Coulee  Cricket,  by  A.  L.  Melander. 

138  First  Annual  Report,  Adams  Branch  Experiment  Station, 

by  M.  A.  McCaU. 

139  Microchemical  Studies  in  the  Progressive  Development 

of  the  Wheat  Plant,  by  Sophia  E.  Eckerson. 

140  Field  Pea  Production,  by  E.  G.  Schafer  and  E.  F.  Gaines. 

141  Barley  in  Washington,  by  E.  G.  Schafer  and  E.  F.  Gaineit. 

142  Gluten  Formation  in  the  Wheat  Kernel,  by  Geo.  A.  Olson. 

143  Dipterous   Families   Sepsidae,   by   A.   L.   Melander   and 

Anthony  Spuler. 

144  Wheat  and  Flour  Investigations,  by  Geo.  A.  Olson. 

145  The  Estimation  of  Sulphur  in  Plant  Material  and  Soil, 

by  Geo.  A.  Olson. 
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146  Factors  Influencing  the  Water  Requirements  of  Planta, 

by  C.  C-  Thorn  and  H.  P.  Holtz. 

147  A  New  Method  for  the  Preparation  of  Pectin,  by  J.  3. 

CaldweU. 

Popnlar  BnUetiiu 

103  Canniog  without  Sugar,  by  J.  S.  Caldwell. 

104  Cost  of  Pumping  for  Irrigation,  by  0.  L.  Waller. 

105  The  PoBsibilities  of  Sugar  Beet  Culture,  by  Ira  D.  Cardiff. 

106  Potato  Growing  in  Washington,  by  0.  M.  Morris,  F.  T). 

Heald  and  M.  A.  Yothera. 

107  Winter  Sprays,  by  A.  h.  Melander. 

108  Tree  Planting  in  Eastern  Washington,  by  0.  M.  Morris. 

109  Celery  Culture,  by  P.  W.  Alien. 

110  Cabbage  and  Cauliflower  Culture,  by  C.  B.  Sprague. 

111  Bean  Culture,  by  A.  L.  Strausz. 

FINANCIAL    STATEMENT 

State  Funds    Expended   on   Main    Station  and  All   Branch  Stationa, 

Including  the  Western  WaBhingtan  Station 

AprU  1,  1916,  to  Manh  31,  1917 


Salaries    .    - 

State 

Contri- 
butions 

120.00 

Sales 
$  7.176.40 
4,723.96 
3.2O0.S4 
373.69 
332.34 
312-94 
505.95 
994.83 
191.34 
653.53 
39.91 
672.52 
69.68 
200.41 
69.75 
480.46 

Total 
$20,700.94 

Ubor    . 

._    6.230  16 
....     1.809.64 
....       426.79 

11,074.12 

Postage  and  Stationery  .. 

800.48 

22.66 

....       359.55 

672.49 

■42:55 

Sundry,    Seeds,    Plants    .... 

....       983.16 
....       284,93 
....    3,570.33 
61.41 
es     1,050.07 
....       160.82 
17132 

2,020.54 

Feeding    Stuffs    .„ 

Library    _ 

Tools,  Mchry  &  Applianc 

4.223^ 

718.30 

2,440.89 

37173 

Livestock    _ „ 

Travel    Expense   

....       493.75 
....     1.056.38 

563.50 
1,536.84 

....    2.438.73      1.814.84        2.050.37        6.303.94 
$33,964.70    $2,718.35    $22,048.62    $58,731.67 


$33,964.70    $2,922.22    $24,202.39    $61,089.31 
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April  1,  1916, 

balance    on    hand :.     $     275.65  $  6,245.70  $  6,S21.3S 

Receipts    33.964.70      2,646.57  17.956.69  54,567.96 

$33,964,70  $2,922.22  $24,202.39  $61,089.31 


FINANCIAL  STATEMENT 
WASHINGTON    AGRICULTURAL    EXPERIMENT    STATION 


July  1,  1916,  to  June  30,  1917 


Salsrie. 

ADAMS 
^  9  633  10 

1  148  86 

7823 

Library    . 

Furniture   and    Fixtures 

37^5 

54  95 

Traveling    Expenses - — 

Contingent    Expenses _ 

Buildings  and  Lands  

319.48 
45.94 

Appropriation   for  the  period 
July  1,  1916,  to  June  30,  1917  .._ 

$15,000.00 
$15,000.00 

HATCH 

5  6.952.0S 

3.799.86 

1,751.12 

399.14 

14.80 

90.65 

36.94 

572.44 


119.05 
187.84 
78.73 
62.73 

8S3"6S 
20.00 
61.00 

$15,000.00 

$15,000.00 
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LETTER  OF  TRANSMITTAL 


Pallmao,  Wasiiington,  January  ]8,  19li>. 
Honorable  Ernest  Lister,  Governor, 

01yiiipia>  Washington. 
Sir: 

I  have  the  honor  to  submit  herewith  the  Twenty-eighth 
Annual  Report  of  the  State  Agricultural  Experiment  Sta- 
tioD,  eoTering  the  work  of  this  Station  and  Sub-Stations  for 
the  year  ending  June  30,  1918. 

Very  respectfully, 

GEO.  SEVERANCE, 

Acting  Director. 
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Board  of  Begenti 

Wm.    Pease,    President    Seattle 

E.  O.  Holland  (Fraaidest  of  the  college)  Secretary  ex-ottlcio,  Pnllman 

W.  A.  RIU WalU  Walla 

A.  D.  Dnnn Wapato 

R.  C.  HcCroekejr Qarneld 

E.  T.  Coman,  Preafdent  since  April,  1918 Spokane 


Experiment  Station  Staff 

Geo.  Severance,  B.  S Acting  Director  and  A|vie«iltui}rt 

O.  L.  Waller,  Ph.  H Irrigation  Engineer 

A.  L.  Helander.  Sc.  D Bntomologlat 

O.  M.  Morris,  M.  S :  Horticulturist 

Geo.  A.  Olson,  M.  S Chemist 

W.  T.  Shaw.  M.  8 Zoologist 

B.  O.  Schater,  M.  S. Agronomist 

Wm.   Hlslop,  M.   S Animal   Husbandman 

F.  D.  Heald.  Ph.  D Plant  Pathologist 

J.  W.  KalkUB,  D.  V.  S Veterinarian 

M.  A.  HcCall.  M.  8 Dry  Land  Specialist 

P.  J.  Slovers,  B.  S Boll  Phyalelst 

B.  G.  Woodward,  H.  B. Dairy  HuBbandman 

T.  J.  Murray,  U.  S. Bacterlologlgt 

F.  L.  Pickett,  Ph.  D Botanist 

S.  F.  Gaines,  M.  S Cereallst 

Henry  F.  Holts,  M.  S Assistant  Boll  Pbyalciat 

G.  H.  Hunt,  M.  A Assistant  Chemist 

O.  B.  Barbae,  B.  8 Assistant  la  Crops 

Anthony  Spuler,  B,  S Aselstant  Entomologist 

Bllsa  Dana,  M.  8 .' Assistant  Plant  Pathologist 

R.  P.  Bledsoe,  M.  S Supt.  Watervllle  i^ubsUtlon 

H.  N.  Coleman,  B.  8. . .  Superintendent  of  Advanced  Registry  Testing 
B.  8.  Robertson,  H.  S .Assistant  Horticulturist 
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BIAP  or  WASHmGTON,  flHOWINO  LOOATIOH  OF  AaRI- 
aULTUKAL  EXPEBIMENT  STATIONS 


1.  Tbe  m&ln  experiment  Btatlon  1b  located  at  Pullman,  tbe  uat  of 
the  State  College,  where  the  rainfall  averages  approximately  22 
Incbes  per  annum.  A  farm,  ol  over  600  acres  and  the  principal 
Bclentlflc  laboratories  are  maintained  here.  Work  on  the  mor« 
tandamental  problems  or  those  that  require  the  use  of  laboratoriea 
and  expensive  equipment  Is  carried  on  principally  at  Pullman. 

2.  The  Adams  Branch  Station  at  LInd  consists  of  320  acres  of 
typical  soli  and  Is  devoted  entirely  to  problems  pertaining  to  tbe 
dry  belt  of  Washington.  The  rainfall  at  Llnd  averages  about  XO 
inches  per  annum. 

3.  The  Watervllle  Branch  Station  consists  of  220  acres  of  leased 
land  and  is  devoted  primarily  to  a  study  of  forage  problems  and 
to  an  effort  to  develop  a  more  diversified  and  permanent  system  of 
agriculture  under  the  rainfall  conditions  prevailing  In  that  region, 
which  averages  about  13. S  fnchea  per  annum. 

4.  The  Wlnthrop  Btatlon  consists  of  a  five-acre  tract  with  stock 
■heds  and  yards  and  ts  devoted  exclusively  to  a  study  of  the  goitre 
disease  of  animals. 

B.  The  ProBser  Irrigation  Station  consists  of  206  acres  of  unim- 
proved land  selected  under  authority  of  the  IGth  legislature  as  a 
■Ite  tor  an  experiment  station  to  study  the  many  problems  that  ar« 
confronting  the  irrigation  farmers.  An  option  has  been  secured 
on  this  tract  and  it  Is  being  cleared  and  leveled  with  funds  donatsd. 
by  the  Prosaer  people.  Its  final  purchase  and  further  development 
depend  upon  an  appropriation  from  the  16tta  legislature  for  that 
purpose.  The  Importance  of  developing  this  experiment  station 
may  be  appreciated  from  the  fact  that  Taklma  and  Weaatchee  Val- 
leys alone  produced  In  1918  over  130,000,000  worth  of  irrigated 
products  and  that  Taklma  Valley  lost  from  the  codling  moth  alone 
over  18,000,000.  Its  importance  may  be  further  appreciated  from 
the  faet  that  the  present  irrigated  area  In  Washington  is  only  a 
•mall  percsntaga  of  what  m^  nltlmately  be  brought  under  Irriga- 
tlon. 

6.  The  Western  Washington  Experiment  Station  is  located  at 
Pnyallup,  where  the  average  ralntull  Is  about  46  Inches  per  annum. 
It  consists  of  60  acres  of  typical  valley  soil  and  hill  land  and  Is  de- 
voted to  a  atndy  of  Western  Washington  problems. 

7.  The  cranberry  station  Is  located  at  Ilwaco  and  is  devoted  en- 
tirely to  s  study  of  Insects  Injurious  to  cranberries,  and  is  main- 
tained co-operatively  by  the  State  College  of  Washington  and  the- 
Bureau  of  Entomology  of  the  U.  S.  D.  A. 
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WASHINQTON  AQRICULTURAL 
BXPBRIMENT  STATION 


The  work  of  the  Experiment  Station  was  very  materialiy 
affected  during  the  past  year  by  the  war.  It  was  so  shaped  as 
to  meet  the  great  need  for  maximum  production,  and  much  of 
the  time  of  several  experiment  station  men  was  devoted  to 
those  activities  which  best  would  further  the  program  of  the 
state  and  nation. 

The  U.  S.  Department  of  Agriculture  assigned  five  entomolo- 
gists to  the  Extension  Department  of  the  State  College  and 
Dr.  A.  L.  Melander,  Entomologist  of  the  Experiment  Station, 
was  appointed  project  leader  for  Washington.  The  gOTem- 
ment  also  assigned  four  wheat  smut  specialists  to  the  Exten- 
sion Department  of  the  State  College  and  Dr.  F,  D,  Heald, 
Pathologist  of  the  Experiment  Station,  was  appointed  project 
leader  for  Washington.  Professor  0.  M.  Morris,  Horticulturist 
of  the  Experiment  Station,  was  appointed  project  leader  in 
horticulture. 

Professor  E.  6.  Woodward,  Dairy  Husbandman,  Professor 
F.  J.  Sievers,  Soil  Physicist,  and  Professor  E.  Q.  Schafer, 
Agronomist  of  the  Experiment  Station,  each  devoted  consider- 
able  time  to  the  work  for  maximum  production.  Various  mem- 
bers of  the  staff  also  devoted  more  time  than  usual  to  preparing 
press  material.  A  series  of  articles  prepared  by  members  of 
the  staff  was  run  in  nine  of  the  leading  papers  of  the  state 
for  several  months. 

Dr.  J.  S,  Caldwell,  By-Products  Specialist,  devoted  the  greats 
er  part  of  his  time  during  the  fall  of  1917  as  adviser  to  several 
companies  in  the  Northwest,  who  were  erecting  by-product 
factories.  One  month  during  the  fall  was  given  to  the  Bureau 
of  Chemistry'  U.  S.  Department  of  Agriculture,  upon  request. 
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liate  in  December,  he  resigned  to  enter  the  employ  of  the 
Boresn  of  Plant  Industry. 

The  time  of  these  men  was  diverted  to  extension  work,  as  it 
was  felt  that  thiey  thus  could  render  greater  immediate  service 
in  the  war  emergency. 

The  oousual  demand  for  trained  men  resulted  in  some  resig- 
nations, several  of  which  were  for  the  purpose  of  engaging  in 
United  States  government  emergency  service.  Both  on  ae- 
eount  of  the  shortage  of  help  and  of  the'  unusual  cost  of  both 
labor  and  supplies,  it  was  necessary  to  suspend  temporarily 
several  projects.  No  funds  were  assigned  to  the  Divisioas  of 
Animal  Husbandry,  Dairy  Husbandry,  aad  Irrigation  Engin- 
eering, it  being  felt  that  the  specialists  in  these  divisions  could 
render  greater  immediate  service  through  extension  work. 

^Sbamgn  in  Staff. 

Dr.  J.  S.  Caldwell,  By-Producta  Specialist ;  Wm.  Hislop,  Ani- 
mal Hoabandman;  M.  A.  Magoon,  Bacteriologist;  A.  B.  Nys- 
trom.  Dairy  Husbandman;  C.  A.  Thompson,  Assistant  in  Soils, 
Adama  Branch  Station ;  F.  W.  Allen,  Assistant  Horticulturist ; 
H.  M.  Woolman,  Assistant  Plant  Pathologist,  and  M.  A.  Toth- 
«8,  Assistant  Entomologist,  resigned  during  the  year. 

The  following  appointments  were  made:  E.  O.  Woodward, 
Daily-  Hngbandman;  T,  J.  Murray-  Bacteriologist;  B.  P.  Bled- 
see,  Superintendent  Waterville  Sub-Station;  Anthony  Spnler, 
Asustant  Entomologist,  and  H.  N.  Colman,  Superintendent  of 
Advanced  Registry  Testing.  Bliss  Dana  was  trazisferred  from 
Assistant  in  Bacteriology  to  Assistaut  in  Plant  Pathology. 
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Reports  by  Divisions 

DIVISION  or  ANIMAL  HUSBANDRT 
No  funds  were  sppropriated  to  this  Division  for  the  fiscal, 
year  just  dosed,  but  the  following  investigations  were  made 
thiongh  the  aid  of  college  students  and  the  use  of  the  collega- 
Uve  stock. 

Feeding  Value  of  Teed  Peas  vs.  Barlejr. 

An  experiment  was  conducted  to  determine  the  fattening. 
value  of  field  peas  as  compared  with  barley  when  supple- 
mented with  tankage  and  oil  meal.  Fifty-one  shoats,  bred  by 
the  State  College  of  Washington,  consisting  of  pure  bred  Duroc 
Jerseys,  Poland  China-Berkshire  cross  breds,  and  Poland  China- 
Duroo  Jersey  cross  breds  were  used.  For  comparison  they 
were  divided  into  four  lots.  The  feeds  used  included  cracked, 
or  split  peas,  common,  beardless  rolled  barley,  shorts,  oil  meal 
and  tankage  guaranteed  to  contain  60  per  cent  protein.  The 
experiment  continued  49  days  during  January  and  February^ 
with  the  weather  quite  unfavorable  for  good  feeding  results. 

The  following  table  shows  the  rations  fed,  total  grain  con- 
sumed and  total  gains  for  each  lot. 


Lot  1 

Lot  2 

Lot  S 

■  Lot* 

#^^ 

^^^ 

#^» 

#** 

jp 

qi 

fll 

No.  of  hogs  on  test 

13 

12 

Initial  weight  per  head 

(average)    

99.77 

107.33 

107.84 

100.69 

Final  (average)    

160.38 

184.76 

162.77 

169.63 

GAIN   IN   LBB..   TOTAL 

788.00 

929.00 

714.00 

896.00 

GRAIN,    LBS.,    TOTAL 

3100.00 

Grain  per  lb.  gain   .... 

4.77 

4.10 

4.34 

4.86 

Shrinkage  in  ahlpment 

to  Stanton  Packing 

Co..  Spokane,  per  cent 

11. «e 

18.7B 

18.60 

IMI 

Dreaalog  per  cent  by  lots 

82.00 

88.70 

SO.IO 

u.oo 
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The  feeds  were  assigned  the  following  values  per  ton :  peas, 
$40.00;  rolled  barley,  $40.00;  shorts,  $27.00;  oU  meal,  $50.00; 
tankage,  $50.00. 

A  study  of  the  above  figures  iodicates  the  following : 

1.  That  peas  and  protein  suppletoent  such  as  tankage  and 
linseed  oil  meal  are  superior  to  barley  and  a  protein  supple- 
ment, such  as  tankage  and  linseed  oil  meal. 

2.  That  tankage-  which  is  an  animal  protein,  is  superior  to 
linseed  otj  meal,  which  is  a  vegetable  protein,  when  fed  to  rat- 
tening hogs,  in  conjunction  with  barley  or  peas. 

3.  That  a  ration  of  peas,  shorts  and  tankage  ranks  first; 
barley,  shorts  and  tankage  ranks  second;  peas,  shorts  and  oil 
meal  ranks  third;  and  barley,  shorts  and  oil  meal  ranks  fourth 
in  net  profit  ai]d  in  the  amount  of  grain  required  per  hundred 
pounds  of  gain. 

Belatioii  of  Breed  and  Age  of  Servioe  to  Prolifioacy. 

A  study  of  the  reaorAa  of  the  college  herd  of  swine  of  1908 
to  1916  was  made  to  determine  the  relation  of  breed  and  age 
to  prolificacy.  The  following  is  a  summary  of  the  facts 
obtained : 

In  Duroc  Jersey  swine,  the  total  number  of  pigs  under  con- 
sideration was  400  and  the  average  litter  for  that  period  was 
7.143  pigs. 

In  Poland  China  swine,  479  pigs  were  studied  and  the  aver- 
age litter  was  7.15  pigs. 

In  Berkshire  swine,  the  number  of  pigs  studied  was  331, 
and  the  average  litter  was  6.245  pigs. 

In  Tamworth  swine  the  number  of  pigs  studied  was  127  and 
the  average  litter  was  7 :94  pigs. 

The  above  figures  on  the  relative  prolificacy  of  breeds  at  the 
State  College  of  Washington  indicates  Tamworth,  first;  Po- 
land China,  second;  Duroc  Jersey,  third;  and  Berkshire,  fourth. 

In  this  work  it  is  also  brought  out  that  the  size  of  the  litter 
increases  as  the  age  of  the  sow  increases,  up  to  four  years. 
Sixteen    yearling   sows   produced    an   average    litter   of   6.12 
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pigs;  17  two-year-old  bows,  an  average  litter  of  7.7  pigs;  10 
three-year-old  sows,  an  average  litter  of  7.8  piga;  and  four 
foor-year-old  sowg  an  average  litter  of  7.9  pigs. 

DIVISION  or  BOTANT 

The  Division  of  Botany  has  been  of  direct  service  to  the 
farmers  of  Washington  and  adjoining  states  through  the  identi- 
fication of  weeds  and  native  plants  and  the  testing  of  seeds. 
The  inqniries  along  these  lines  have  increased  to  more  than  a 
thousand  a  year. 

Investigations  of  weed  distribotion  in  the  state,  records  of 
the  introduction  or  spread  of  new  weed  pests  and  plans  for  the 
practical  study  of  means  of  eradicating  weeds,  have  be^i  pur- 
sued. Study  of  weed  habits  and  control  will  be  greatly  aided 
through  the  uBe  of  an  area  on  the  College  Farm  set  aside  this 
year  ae  a  weed  garden.  A  special  stndy  of  the  wild  oats  situa- 
tion in  Washington  has  brought  in  valuable  information  con- 
cerning the  limiting  of  this  weed's  range  by  rainfall-  and  con- 
cerning the  varieties  found  in  the  state. 

In  conjunction  with  the  Division  of  Farm  Crops  there  is  in 
preparation  the  first  of  a  series  of  bulletins  containing  descrip- 
tions, distribution  data  and  suggestions  for  the  control  of  the 
serious  weed  pests  of  the  Northwest. 

DIVISION  OF  BACTZBIOLOaY 

Legmne  Culture  Work. 

In  co-operation  with  the  Division  of  Farm  Crops,  inocula- 
tion material  for  legumes  to  the  amount  of  11,693  acres,  has 
been  furnished  to  farmers.  The  work  has  paid  for  itself. 
Last  year  these  cultures  were  sent  out  in  sand.  A  little  com- 
plaint was  heard  because  of  the  damaging  effect  of  the  sand 
on  the  drills.  This  year,  as  a  result  of  some  laboratory  in- 
.  vestigations  by  C.  A.  Magoon,  cultures  have  been  seat  out  in 
bottles  on  agar  media.  The  results  of  the  sand  as  an  inocu- 
lum have  met  with  marked  success  in  the  field.  The  field 
results  from  the  use  of  the  new  method  of  using  agar  media- 
as  an  inoculum  have  not  yet  been  obtained.    Methods  are  still 
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ill  an  experimental  stage  and  considerable  work  most  be  done 
in  order  to  place  the  work  on  a  firm  scieatifie  basis.  A  fnll 
time  assiBtant  should  be  employed  to  devote  hia  entire  time 
to  practical  and  investigational  legnme  work.  The  inocula- 
tion of  the  soil  of  Eastern  Washington  is  a  work  well  worth 
while. 

BoTine  Tobwcolar  BtwUlni. 

This  work  was  outlined  and  started  by  C  A.  Magoon.  A 
bulletin,  "Isolation  and  Cultivation  of  Bacterium  Tubercu- 
losis on  a  SynthetiG  Medium,"  was  published  in  1918.  Be- 
cause of  the  pressure  of  the  legume  culture  work,  no  work 
was  done  on  the  project  last  year.  Work  has  been  started 
and  is  now  under  way  with  a  view  to  completing  this  project. 

The  Effect  of  Straw  on  the  BoU. 

It  has  been  observed  that  the  addition  of  straw  to  the  soils 
of  Eastern  Washington  causes  a  decrease  in  the  following 
crop  yield.  The  above  named  project  was  taken  up  in  co- 
operation with  the  Department  of  Soils  with  the  view 
tc  determine  the  cause  of  this  decrease  in  yield  and  to  devise, 
if  possible,  some  method  of  returning  humus  to  the  soil  in 
the  form  of  straw  without  ill  effects. 

Enough  experimental  data  has  not  yet  been  obtained  to 
draw  conclusions.  However,  from  the  results  thus  far  secured 
it  seems  that  the  addition  of  straw  between  one-tenth  per 
c«bt  and  seven-tenths  per  cent  stimulates  nitrification,  or  the 
ability  of  the  soil  organisms  to  form  nitrates.  Between  seven- 
tentba  per.  cent  and  two  per  cent  the  straw  inhibits  nitrifica- 
tion and  above  two  per  cent,  the  addition  of  straw  actually 
causes  a  decrease  in  the  nitrate  content  of  the  soil.  The  nitro- 
gen in  the  last  case,  however,  is  only  temporarily  lost  to  the 
plant  as  a  food.    It  is  transformed  to  protein  nitrogen. 

IGaoeUaiieoiit  AnalyMi. 

FHfty-eight  samples  of  water  have  been  analyzed  for  the 
citizens  of  the  state  east  of  the  Cascades.  Five  examinations 
have  been  made  for  the  presence  of  the  tubercular  bacillus  in 
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fiputum;  one  for  the  presence  of  the  tabereular  bacilloa  in 
faeces ;  one  for  the  presence  of  the  tubercular  baciUns  in  milk ; 
15  ezamiuations  of  diphtheria  swabs;  five  urine  analyses 
and  seven  gonococcus  examinations  have  been  made. 

DIVISION  or  OHEKISTBT 

The  station  chemist  is  also  state  chemist  by  virtue  of  his 
office  and  is,  therefore,  obliged  to  supervise  a  great  deal  of 
analytical  work  for  the  State  Department  of  Agricultiire  in 
the  control  of  foods*  feeds,  fertilizers.  Some  of  this  work  has 
been  particularly  pressing,  owing  to  war  conditions  and  lias, 
therefore,  demanded  more  than  usual  attention.  Further- 
more, the  unusual  demand  for  chemists  during  the  war  has 
forced  the  station  chemist  to  run  very  short  handed,  making 
it  impossible  to  do  the  usual  amount  of  station  work.  Work 
was  temporarily  suspended  on  "the  function  of  sulphur  as 
plant  food."  "Co-operative  study  of  methods  of  analyses 
with  the  Association  of  Official  Agricultural  Chemists,"  and 
"the  relation  of  soil  types  to  composition  of  wheat." 

The  following  is  a  summary  of  results  obtained  with  the 
projects  studied: 

The  Bakiiig  Qualities  of  Flovr. 

This  project  has  been  studied  under  three  main  beads: 
(a)  influence  of  electrolytes  on  baking  quality,  (b)  the  use 
of  substitutes  for  wheat  flour  on  baking  quality,  and  (c)  a 
study  of  the  physical  properties  of  gluten  and  its  possible 
bearing  on  the  baking  quality  of  flour. 

(a)  There  are  a  number  of  preparations  sold  on  the  market 
which  are  used  in  combination  with  other  materials  for  the 
purpose  of  improving  the  quality  of  the  dough  and  ultimately 
with  the  object  of  improving  the  loaf  of  bread.  Among  such 
preparations  is  one  known  a.s  Arkady  Yeast  Food,  which  pat- 
ented preparation  consists  of  calcium  sulphate,  ammonium 
chloride,  potassium  bromate,  and  a  flour  filler.  This  prepara- 
tion, when  used  in  conjunction  with  the  other  necessary  in- 
eredients,  is  claimed  to  save  yeast  and  Dour  and  increase  the 
volume  of  the  loaf  of  bread. 

|.:,t,:,:kv,  Google 
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loTflstigatioDS  indicate  that  the  Arkady  Yeast  Food  shows 
beneficial  effects  with  eome  flours,  while  with  others  no  re- 
salts  were  obsored.  In  no  case  were  all  of  the  benefits 
eJaimed  from  the  use  of  soch  materials  obserred  in  any  one 
flour, 

(b)  Flour  substitntes  were  studied  with  flours  made  from 
oats,  barley,  rice,  yellow  and  white  com,  apples,  alfalfa,  soy 
beans,  bnt  more  e^wcially  with  field  peas  uid  soy  bean  cake 
used  in  various  combinations  with  wheat  flour.  The  field  peas 
used  were  of  the  Bai^ialia  and  Amraoti  varieties.  The  Ban- 
galia  possesses  a  bitter  principle  which  we  found  to  be  prea^it 
in  the  hull  and  is  removed-in  the  process  of  milling.  The  soy 
bean  cake  which  we^used  is  the  kind  that  is  used  for  feeding 
stock  and  contains  from'  six  to  eight  per  cent  of  oil  instead 
of  16  to  18  per  cent  of  oil,  which  is  present  in  the  original 
grain. 

The  advantage  in  the  use  of  materials  such  as  pea  flour  and 
Boy  bean  flour  lies  in  the  fact  that  these  materials  contain 
considerably  more  protein  than  is  found  in  the  common  cereals. 
The  peas  contain  25  per  cent  of  protein  and  the  soy  bean  cake 
containa  about  46  per  cent  of  protein.  Cottonseed  Qour  is  also 
high  in  protein  but  not  as  high  as  soy  bean  cake. 
With  the  use  of  theae  materials  it  was  thought  that  a  saving 
in  the  consumption  of  meat  could  be  made  and  at  the  same 
time  meet  the  body  requirements  for  protein.  Legume  flours 
should  also  be  valuable  as  a  food  for  people  suffering  from 
diabetis,  owing  to  their  low  starch  content. 

Many  plans  were  devised  and  worked  out  with  the  view  of 
increasing  the  volumes  of  the  combination  of  flour  breads. 
Experiments  were  conducted  with  varying  amounts  of  elec- 
trolytes, sugar,  different  kinds  of  sugar,  varying  amounts  of 
yeast  and  also  with  combinations  of  the  cereals  other  than 
wheat  flour.  In  some  of  the  experiments  gluten  was  added 
It  vras  foond  that  the  volume  of  the  loaf  could  be  held  to  a 
size  obtained  from  the  use  of  wheat  flour  altme  if  not  more 
Uiaa  10  per  cent  of  pea  flour  or  other  sabatitnte  cereal  flour 
were  used.    With  the  use  of  15  per  cent  of  pea  flour,  the  vol- 
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ume  of  the  loaf  decreased  five  per  cent,  and  witli  20  per  eeot 
of  pea  floor  the  volume  decreased  10  per  cent.  In  other  words, 
the  voiome  of  the  loaf  was  inversely  proportional  to  the 
amount  of  sobstitute  osed  over  10  per  cent.  The  resnlta  for 
soy  bean  cake  flour  and  all  other  cereal  substitutes  gave  sim- 
ilar results. 

The  flavor  of  the  pea  flour  bread  is  very  good.  The  crumb 
u  of  a  greenish  cast,  which  can  not  be  regarded  as  objec- 
tionable. The  soy  bean  cake  flour  does  not  taste  as  good  as 
the  pea  flour  bread  and  the  color  of  the  cnunb  is  of  a  yellow- 
ish tint.  Apple  flour  gives  to  the  bread  an  acrid  taste.  The 
color  of  the  apple  flour  crumb  is  of  a  brown  hue,  similar  to 
that  obtained  in  brown  bread. '  The  bread  made  &om  alfalfa 
flour  tastes  of  weeds  and  the  color  of  the  loaf  is  objectionable. 
The  results  of  these  investigations  are  encouraging  and  justify 
further  investigations  to  determine  the  extent  to  which  substi- 
tutes may  be  used  to  advantage  in  peace  times. 

(c)  Studies  on  physical  properties  of  gluten  indicate  that 
thf  physical  properties  of  the  gluten  of  a  given  sample  of  flour 
are  not  entirely  inherent,  but  are  determined  to  a  large  ex- 
tent by  certain  chemical  composition  which  may  be  determined 
largely  by  environmental  factors. 

Inflnence  ai  Cultivation  on  Nitrogen  Oontoit. 

Winter  varieties  df  wheat  studied  showed  an  average  nitro- 
gen content  nnder  culitvation  of  2.86  per  cent  and  without 
cultivation  of  2.87.  Spring  varieties  showed  an  average  nitro- 
gen content  of  2.77  per  cent  with  cultivation  and  2.73  per  cent 
without  cultivation.  These  results  would  indicate  that  ctilti- 
vatioB  for  this  season  gave  practically  do  results  in  either 
direction.  They  may  be  due  to  the  fact  that  the  experiments 
were  conducted  on  land  that  has  been  kept  in  a  high  state 
of  cultivation  for  several  years  by  the  growing  of  peas  every 
third  year  and  by  thorough  tillage.  In  another  field  where 
the  above  varieties  were  grown  in  the  ordinary  way  and  with- 
out  cultivation,  the  winter  varieties  averaged  2.47  per  cent 
nitrogen  and  the  spring  varieties  averaged  .2.56  percent  nltro- 
Sen. 

D.n.iized  by  Google 


WASHINGTON  AGHICULTURAL  EXPERIMENT  STATION    15 

This  bears  oat  former  observations  that  the  nitrogen  con- 
tent of  wheat  may  be  increased  and  the  quality  of  wheat  decid- 
edly improved  by  keeping  the  soil  in  a  high  state  of  cultiva- 
tion and  well  supplied  with  nitrogen  through  the  growing  of 
Tegnmes. 
Um  of  Oypsnm  and  Land  Plaater. 

Co-operative  tests  with  land  plaster  have  beeu  conducted 
on  a  few  farms  arouUd  Pullman.  Selected  areas  of  treated 
and  untreated  alfalfa  were  measured  and  weighed  on  the  H.  H. 
Cnrtia  farm  and  an  increase  of  over  200  per  cent  was  noted 
on  the  treated  plot.  Similar  results  were  reported  by  other 
co-operators'  but  unfortunately  lack  of  labor  made  it  impos- 
Bible  to  measure  and  weigh  accurately  on  the  other  farms. 

This  problem  deserves  further  study,  not  only  to  determine 
the  possibilities  of  increasing  production  by  this  means,  but 
also  to  determine  the  ultimate  effect  upon  the  soil. 
Studiea  on  Pectin. 

A  method  for  recovering  the  pectin  contained  in  fruit 
pomace  has  been  devised  that  should  prove  of  commercial  im- 
portance. Bp  this  method,  ammonium  sulphate  is  substituted 
for  the  more  expensive  alcohol  with  the  added  advantage  that 
the  spent  salt  is  valuable  as  a  fertilizer. 

There  are  several  possibilities  for  the  use  of  pectin  besides 
that  for  the  making  of  jelly,  justifying  more  attention  to  the 
saving  of  this  by-product.  Cider  and  vinegar  manufacturers 
could  recover  considerable  pectin  from  the  pulp  that  is  thrown 
away  after  removing  the  cider. 
JUsoeUaneotu  AnktyBM. 

A  large  number  of  miscellaneous  analyses  have  been  made. 
Samples  of  feeding  stuffs  sent  in  by  citizens  were  not  analyzed, 
ovring  to  the  fact  that  the  state  law  provides  for  an  authorized 
inspector  to  sample  connnercial  feed  stuffs  for  official  analyses. 
However,  in  a  few  cases  where  analyses  were  requested  for 
good  reasons,  other  than  to  determine  the  commercial  status 
of  the  feed,  such  analyses  have  been  made. 

A  number  of  aoalysea  were  made  in  cases  of  suspected  poi- 
soning.   NnmwouB  other  routine  analyses  were-made. 
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TormtOK  or  oaibt  HmnAHDRY 

No  funds  were  assigned  to  this  diTiaion  for  the  past  fiscal 
year,  but  the  StatiOD  assumed  responsibility  for  the  Advaaced 
Registry  Testing  in  March,  1918. 

Summary  of  Adranced  Registry  Testing  for  1918  is  as  fol- 
lows: Number  of  herds  tested,  61;  dirided  as  follows;  Hol- 
stein,  32 ;  Jersey,  22 ;  Guernsey,  4 ;  Ayrshire,  3. 

Number  of  different  superrisorB  used,  35;  averaging  from 
7  to  13  per  month. 

Tests  conducted  total  2523,  as  follows:  2-day  testa,  2270; 
7-day  tests,  174;  14-day  testa,  1;  21-day  tests,  1;  30-day  tests, 
47;  60-day  tests,  5;  90-day  tests,  1;  100-day  tests,  3;  re-tests  on 
high  production,  21. 

The  number  of  tests  conducted  in  1918  is  81  per  cent  of  the 
number  conducted  during  1917,  which  is  very  pleasing,  consid- 
ering the  handicap  of  the  war  conditions  and  shortage  of  help. 

Among  the  class  leaders,  nationally,  the  following  Washing- 
ton cows  appear.  The  order  of  the  records  being  name,  niua- 
ber,  milk  production,  average  per  cent,  butterfat  production, 
and  rank. 

J«T8eyi: — 

Senior  3-year-olds : 

Eminenta  Foxy  Belle,  304982,   14920.6,   5.47,  816.65,  3rd. 

Senior  4-year-oId8; 

Olympia's  Fern,  252060,  16147.8,  5.81,  937.8,  let. 


Junior  2-year-olda : 

Kulshan  Hayes  May  Bose,  73318,  8261.20,  6.06,  500.45,  5tlL 

The  last  Ayrshire  Quarterly  (1918)  gives  data  on  the  fol- 
lowing Washington  cows: 
Leader*  in  milk  prodnction : 

WiUowmoor  Soncy  Girl,  16707,  4.25,  709.60,  Mature,  1st. 
Willowmoor  Etta  3d,  16621,  4.01,  666.06,  Junior  2,  Ist 
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Leadere  in  fat  production : 

Lilly  of  WiUowmoor,  22596,  4.23,  955.56,  Mature,  Ist. 

Willowmoor  Lily  5th,  14677,  4.55,  662.53,  Junior  3,  Ist. 

H(dBteiiu:— 

The  last  "Blue  Book,"  Vol.  29,  gives  the  following  Wash- 
ington cows  ranking  first  in  their  classes : 

SO-day  records: 

Von  Heim  Mary  Hartog,  284404, 2054.9,  4.69,  46.383,  Senior  2. 

Von  Heim  Winnifred  Golantha,  S29334,  1925.4,  4.89,  94.164. 
Junior  2. 

7-day  records: 

Von  Heim  Winnifred  Golantha,  284404,  444.5,  5.33,  23.698, 
Junior  2. 

365-day  records: 

Ormaby  Segis  Marie,  223321,  27025.7,  3.18,  859.63,  Senior  3. 

The  Advanced  Registry  Testing  is  praetieally  self  support- 
ing from  the  fees  paid  by  the  breeders  for  this  work.  From 
May  1,  1918,  to  January  1,  1919,  nearly  $6000  has  been  paid 
out  for  the  work  from  the  fees  received ;  the  monthly  average 
being  from  $700  to  $750. 

With  the  close  of  the  war  the  future  prospects  are  very  en- 
couraging as  is  indicated  by  the  numerous  letters  of  inquiry 
being  received  regarding  the  work.  There  are  quite  a  number 
M  breeders  taking  up  official  testing  for  the  first  time  as  well 
as  many  of  the  older  breeders  who  temporarily  discontinued 
official  testing. 

DIVISION  OF  FARM  CROPS 

In  a  report  of  the  investigational  work  of  the  Division  of 
Farm  Crops,  a  single  year's  work  is  of  little  value  by  itself. 
The  year's  work  therefore  has  been  supplemented  by  adding 
data  obtained  in  prior  years  in  a  number  of  cases.  The  experi- 
mental work  being  done  is  analyzed  and  interpreted  so  that 
farm  practices  may  be  benefited  by  it. 

The  work  of  variety  testing  which  must  continue  to  be  an 
importmt  part  of  the  work  as  long  as  new  varieties  are  being 
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iDtrodnced  in  the  state,  has  been  in<n:ea6ed  about  25  per  cent. 
New  introdnctiQUB  as  well  as  new  hybrids  of  exceptional 
promise,  produced  at  the  Ezperiment  Station,  are  being  *coin- 
pared  with  standard  varieties  in  field  tests.  More  extensive 
plans  have  been  devised  to  distribute  superior  varieties  of 
grains.  Through  the  co-operation  of  the  county  agriculturists, 
their  value  is  being  checked  up  with  other  varieties  in  the  vari- 
ous localities  where  superior  grains  are  distributed. 

Experiments  are  in  progress  which  show  definite  possibilities 
of  producing  smut  resisting  varieties  of  wheat  and  oats  by 
breeding.  Definite  information  is  being  accumulated  which 
throws  considerable  light  upon  the  problem  of  what  constitutea 
winter  hardiness  in  wheat.  Information  is  being  gained  on 
the  comparative  value  of  different  cro|»  for  silage.  Experi- 
ments are  being  conducted  to  determine  methods  of  production 
by  which  clover  and  alfalfa  seed  may  be  profitably  produced 
within  the  state.  Crop  rotation  experiments  are  being  started 
which  should  have  a  far  reaching  influence  on  the  cropping 
system  to  be  practiced  in  the  future. 

The  division  between  the  work  of  two  years  naturally  comes 
with  tiie  harvest.  As  this  report  covers  the  work  for  the  year 
ending  June  30,  1918,  it  deals  with  the  crop  harvested  during 
the  summer  and  fall  of  1917. 

Variety  TMOng. 

A  summary  of  results  to  date  indicate  the  ff>l1owing: 

1.  Hybrid  128,  which  was  produced  and  distributed  by  the 
State  College  of  Washington,  is  the  best  winter  wheat  undw 
conditions  that  prevail  at  Pullman ;  Bluestem  is  the  best  spring 
wheat,  except  in  the  arid  sections  of  the  state,  where  Baart 
does  better. 

2.  Banner  oats,  introduced  direct  from  Scotland  and  die- 
tributed  by  the  Experiment  Station,  is  distinctly  superior  to 
all  others  in  yield,  in  Eastern  Washington.  Abundance  is  a 
close  competitor  and  has  been  distributed  to  some  ext^it. 
Sixty  Day  is  lowest  in  yield,  both  in  1917  and  in  the  four-year 
average.  White  Bonanza  ranks  first  for  the  Skagit  Flats  in 
Western  Washington, 
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3.  The  coast  barleys  are  the  most  satisfaetoty  varieties  to 
grow  and  will  ^ield  more  ponQds  to  the  acre  than  any  other 
grain  crop.  Winter  barleys  sboold  not  be  recommended,  as 
they  are  not  winter  hardy  and  on  the  average,  the  yield  is 
13  bushels  less  than  spring  barleys. 

4.  Bangalia  ia  the  best  variety  of  peas  in  total  yield,  bnt 
on  acconnt  of  market  diacrimioation  and  from  the  fact  that 
Bluebell  matnrea  somewhat  later,  it  may  be  more  profitable 
where  the  seed  is  to  be  marketed  or  when  planted  with  the 
later  maturing  varieties  of  oats  for  hay. 

5.  Mexican  Bed  beans  are  by  far  the  best  variety  for  the 
Palonse  country.  Yakima  Pinks  are  preferable  in  the  warm- 
er  irrigated  sections. 

6.  The  best  rate  to  seed  com  varies  with  the  season,  rang- 
ing from  two  to  five  stalks  per  hill;  three  stalks  being  on 
the  average  the  best  during  the  years  tested. 

7.  Chick  peas,  the  sorghums  and  Soy  beans  are  not  to  be 
recommended  except  in  restricted  districts  of  long  sesaon  and 
high  temperature. 

8.  Minnesota  No.  2  rye  is  the  best  winter  variety;  Beard- 
less is  the  best  spring  spring  variety. 

9.  Minnesota  No.  25  flax  out-yields  the  best  of  the  other 
four  varieties  tested  by  45.7  per  cent  (two  years  average). 

10.  The  date  of  seeding  winter  wheat  experiment  showed 
late  August  and  early  September  seeding  to  give  the  highest 
yield  in  1917.  One  season  'b  results  should  not  be  accepted  as 
conelosive. 

11.  The  plots  with  various  degrees  of  smutting  were  not 
conclusive  in  1917,  bat  a  two-year  average  shows  a  decrease 
in  yield  in  proportion  to  an  increase  in  amount  of  smut  pro- 
duced. 

InorMae  and  I>ittiribatioii  of  Bead. 

More  than  33  tons  of  pure  seed,  and  bacteria  culture  pre* 
pared  by  the  Division  of  Bacteriology  sufficient  for  11,693 
acres  of  legmnea,  have  been  distributed  throughout  the  state 
iu  1167  different  shipments  during  the  year  ending  Jnne  30, 
1918.    The  standard  maintained  for  seed  sent  out  was  kept 
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BO  bigfa  that  more  than  TO  tons  were  discarded  for  feed  or 

floor. 

Inheritance  StndiM. 

Definite  information  haa  been  obtained  on  the  inheritance 
cf  smat-resiatance,  winter  habit,  grain  and  glume  color,  steril- 
ity, beards  and  dwarfness  of  wheat.  Considerable  material 
has  accnmolsted  on  the  inheritance  of  various  eharacteristicB 
of  wheat,  oats,  barley,  corn,  peas,  rye,  and  forage  plants  which 
has  not  yet  been  compiled  and  interpreted. 
Forage  Investiffatlona, 

Turnips  and  rutabagas  produce  the  largest  tonnage  per 
acre  of  the  root  crops.  Winter  wheat  produced  a  larger  ton- 
nage of  green  forage  for  silage  than  any  other  single  crop  or 
combination  in  1917. 

Preliminary  results  indicates  that  the  red  clover  seed  can 
be  proftably  produced  when  proper  spacing  methods  and 
proper  time  of  cutting  have  been  worked  out.  Work  has  been 
started  to  determine  the  possibilities  of  using  a  nurse  crop 
in  obtaining  a  at&nd  of  clover  and  alfalfa. 
Onlthration  and  Bate  of  Seeding  Wlieat. 

Wheat  seeded  in  ordinary  drill  rows  yields  more  than  when 
the  rows  are  spaced  12  to  18  inches  apart.    Cultivation  is  of 
material  benefit  to  winter  wheat,  but  decreases  the  yield  of 
spring  wheat. 
Hethods  of  Applying  Manure  to  Wheat. 

The  average  of  18  years  teats  with  manure  applied  as  top 
ciressing  on  summer  fallow  wheat  versus  plowing  under  the 
same  amount  of  manure  for  summer  fallow  show  best  results 
from  top  dressing. 
Hethods  of  Summer  Fallowing. 

The  results  of  18  years  teste  show  best  results  from  early 
plowed,  well  tilled  summer  fallow. 
Crop  Botations. 

Eighteen  years  tests  comparing  crop  rotations  including 
clover,  etraight   wheat   and   summer   fallow,   cropping   with 
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wheat  every  year  with  no  fertilizer,  and  cropping  with  wheat 
every  year  with  10  tons  of  manure  per  acre  applied  annually 
indicate: 

1.  A  quite  marked  and  re^pilar  decline  in  yield  under  an- 
nual wheat  cropping  without  manure  with  the  yields  at  the 
beginning  of  the  18-year  test  bearing  the  usual  relation  to 
those  on  summer  fallow. 

2.  That  wheat  seeded  annually  with  an  application  of  10 
tons  of  manure  per  acre  yields  as  much  now  as  at  the  begin- 
ning of  the  period  and  yields  practically  as  much  as  the  well 
tilled  annuner  fallow  plots,  showing  that  summer  fallowing 
in  not  necessary  with  the  rainfall  received  at  Pullman  if  the 
fertility  of  the  soil  can  be  properly,  maintained. 

3.  That  in  rotations  that  include  clover  and  eliminate  sum- 
mer fallow,  the  yields  of  wheat  are  maintained  nearly  equal 
to  the  yields  on  well  tilled  summer  fallow.  Since  the  rota- 
tions used  provide  wheat  half  the  time,  the  advantage  of  the 
rotation  is  apparent. 

DIVISON  OF  HORTICTTLTUBE 
Ordiard  Pollination, 

Tests  were  made  of  the  self  sterility  of  the  Jonathan  and 
Rome  Beauty  varieties  of  apples  and  of  the  influence  of  these 
en  the  setting  of  fruits  by  these  trees  when  cross  pollination 
was  not  permitted.  Both  varieties  set  a  few  fruits  without 
cross  pollination,  when  pollinated  by  the  normal  fall  of  pollen 
and  distribution  of  pollen  and  by  the  work  of  bees.  The  fruits 
set  on  these  trees  contained  very  few  seeds  and  a  large  propor- 
tion of  seedless  apples.  The  Jonathan  apple  produced  on  the 
tree  which  was  inclosed  by  a  tent  and  to  which  bees  were  ad- 
mitted averaged  1.2  seeds  per  apple.  Rome  Beauty  apples 
under  the  same  conditions  averaged  one  seed  per  apple.  The 
Jonathan  to  which  no  cross  pollination  or  insects  were  admits 
ted  during  the  blossoming  period  produced  fruit  which  con- 
tained 1.9  seeds  per  apple.  The  Borne  Beauty  under  similar 
conditions  produced  fruit  that  carried  4,8  seeds  per  apple.  The 
Jonathan  in  the  open  orchard  produced  seven  seeds  per  apple 
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aDd  the  Borne  Beaaty  averaged  10  seeds  per  apple.  No  appreci- 
able difference  existed  in  the  size  or  appearance  of  the  fruits 
that  were  produced  by  self  pollination  and  those  produced  in 
the  open  orchard. 

Uendel's  Law  of  Blackberry  and  Raapberry  Bybridi. 

The  fruiting  of  a  large  number  of  blackberry  and  raspberry 
crOBsea  developed  the  fact  that  the  Evergreen  Blackberry  is 
the  only  variety  which  comes  true  to  seed.  The  variation  in 
the  seedlings  of  the  common  varieties  of 'blackberry  and  rasp- 
berries and  their  hybrids  are  existent  in  every  part  of  the 
plant  and  fruit.  The  croseea  within  the  specie  will  be  elimin- 
ated from  the  work.  No  plants  fruiting  have  shown  indica- 
tion of  being  worthy  of  consideration  as  a  new  variety  for 
introduction  into  general  nae. 

Winter  Deesioation  of  Fmit  Treeg. 

The  first  year's  work  with  trees  grown  in  sand  and  given 
nutritive  solations  to  determine  the  influence  of  varying  quan- 
tities of  alkali  and  nitrates,  hag  not  given  any  indication  that 
the  cause  of  the  tronble  is  a  result  of  an  unbalanced  food 
supply  in  these  particular  food  materials. 

B«lati(ni  of  Soil  Moisture  to  the  Keeping  Quality  of  Apples. 

The  work  on  this  project  was  conducted  along  similar  lines 
to  the  work  of  previous  years.  The  results  clearly  indicate 
that  BO  long  as  the  moisture  conditions  of  the  soil  are  such  as 
to  produce  normal  fruit,  the  keeping  quality  of  the  fruit  is  not 
noticeably  modified  by  that  factor.  The  extremely  large  fruits 
have  broken  down  in  storage  first  and  in  most  cases  the  fruit 
with  an  undersupply  of  color  of  the  red  varieties  have  broken 
down  before  those  highly  colored. 

Orchard  Oorer  Crc^s. 

This  work  was  continued  along  the  lines  reported  in  the  last 
annual  report.  It  is  evident  in  the  rainfall  sections  that  late 
plowing  under  of  the  growing  cover  crop  in  the  spring  is  the 
cause  of  onsatiafaetory  results  in  the  use  of  such  crops.  Hu- 
mus is  developed  at  the  expense  of  the  fruit  crop  being  pro- 
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duced  and  the  indicationa  are  that  only  very  limited  value  can 
be  derived  from  cover  crops  in  Eastern  Washington  in  fmit 
producing  orchards. 
Renovation  ot  Prune  Orchards  in  Clarke  Opnnty. 

Work  on  this  project  consisted  in  starting  fertilizer  testa  in 
five  orchards  in  which  nitrate  of  soda,  ground  blood  and  tank- 
age and  a  mixture  of  nitrate  of  soda  and  ground  blood  and 
tankage  were  used.  Results,  although  incomplete,  indicate 
that  the  nitrate  of  soda  is  a  very  helpful  fertilizer  for  the 
prune  orchards  of  Clarke  County. 
Variety  Tests  of  Garden  Vegetables. 

A  study  of  the  varieties  of  the  potatoes  grown  in  this  state 
indicate  that  in  Eastern  Washington  for  early  potatoes  the 
Early  Ohio  and  Early  Rose  are  best.  For  the  main  crop  the 
Burbank,  Rural  New  Yorker,  Gold  Coin  and  American  Won- 
der are  very  popular  and  profitable  varieties.  In  Western 
Washington  the  Early  Ohio  and  Early  Rose  and  Irish  Gobbler 
are  the  best  early  varieties.  The  Burbank,  Pride  of  Multno- 
mah and  Rural  New  Yorker  are  the  leading  main  crop  vari- 
eties. In  the  irrigated  sections  the  Netted  Gem  and  Russet 
Burbank  are  the  leading  main  crop  varieties. 
Frost  Injury  to  Tmder  Plants  and  Pniit  Tree  Blossoms. 

The  work  done  on  this  project  seems  to  indicate  that  re- 
sistance to  frost  injury  is  not  correlated  with  the  physical 
vigor  of  the  plant,  but  in  many  cases  seems  to  be  inversely  in 
proportion  to  the  amount  of  new  growth  developed  by  the 
plant.  Blossoms  produced  by  the  most  vigorous  plants  are 
itsually  more  easily  killed  than  those  produced  by  less  vigor- 
ous plants.  The  cell  tension  existing  in  the  plant  at  the  time 
of  a  reduction  of  temperature  to  the  danger  point  and  the  sub- 
sequent rise  of  temperature  is  probably  the  most  influential 
factor  determining  the  amount  of  injury  done, 

DIVISION  OF  IBRIGATION  ENGnTEERnTG 

No  fonds  were  appropriated  to  the  Division  of  Irrigation 
Engineering,  the  work  of  the  Division  being  confined  to  per^ 
sonal  aid  in  matters  pertaining  to  irrigation  engineering. 
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DIVISION  OF  PLAHT  PATHOLOOT 

The  work  of  the  Division  of  Plant  Pathology  during  the  past 
year  has  resulted  in  marked  progress  on  its  three  principal 
projects.  The  following  are  some  of  the  more  important  re- 
snlts  obtained: 

Wheat  Smut. 

1.  Normal  grains  from  partially  smutted  heads  do  not 
transmit  the  disease. 

2.  Strong  bluestone  solution  (1-1  formula)  sprinkled  on 
the  seed  very  greatly  reduced  the  infection  from  smut  in  the 
soil. 

3.  Early  plantings  (August)  were '  practically  free  from 
smut,  and  gave  good  yields. 

4.  Keplowing  which  had  been  suggested  as  a  means  of  re- 
ducing smut  increased  rather  than  reduced  the  yield. 

5.  Smut  loss  is  not  accurately  estimated  by  a  head  count. 

6.  Exhaust  fans  on  threshing  machines,  if  properly  in- 
stalled lessen  the  danger  of  explosions,  improve  the  quality 
of  the  wheat  and  prevent  much  of  the  smut  dust  from  passing 
out  through  the  stacker. 

Bblsoctoiiia  Diseases. 

1.  Additional  evidence  has  been  obtained  that  tomato 
bUght  is  caused  by  Bhizoetonia,  and  that  the  disease  may  be 
transmitted  from  the  potato  to   the  tomato. 

2.  The  standard  mercuric  chloride  treatment  of  seed 
tubers  does  not  increase  the  yield  of  table  stock,  but  should 
be  used  for  the  production  of  extra  fancy  or  seed  stock  free 
from  sclerotia. 

3.  Seed  selection  is  of  more  value  than  seed  treatment  in 
the  prevention  of  loss  from  Bhizoctonia. 

Fire  Blight 

Leaf  invasions  of  B.  amylovorous  were  produced  by  inocula- 
tion and  a  certain  per  cent  led  to  twig  blight  by  migration 
downward  through  the  leaf  petioles. 
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Powdery  Soab. 

Tests  indicate  that  powdery  scab  on  potatoes  is  compara- 
tively liarmless  in  Waabington. 
Potato  Stora^. 

Investigationa  show  that  spindling  sprouts  of  potatoes  may 
result  from  poor  conditions  of  storage. 
Identiflcatitm  and  Study  of  HiBcellaneom  Diseaies. 

This  work  has  constituted  the  basis  of  the  Plant  Disease 
Survey  which  is  carried  on  in  co-operation  with  the  Federal 
Plant  Disease  Survey.  Specimens  and  inquiries  have  been 
received  from  all  the  adjacent  states  and  Canada  in  addition 
to  our  on-n  state.  The  number  of  diseases  diagnosed  on  the 
basis  of  specimens  sent  to  the  Experiment  Station  has  been  as 
follows : 

1915—500. 

1916—370. 

1S17— 394  to  January  1,  1918. 

A  detailed  report  giving  the  results  of  these  examinations 
is  being  prepared. 
Scone  ol  Uie  More  Important  Diseastts. 

No  attempt  will  be  made  to  list  all  of  the  diseases  that  were 
reported  during  the  year.  The  following  are  some  of  the  more 
important  diseases  that  are  new  to  the  state  according  to  all 
available  records: 

1     The  aecidial  stage  of  Puainia  GraminU  on  the  barberry. 

2.  The  internal  black  spot  of  cabbage. 

3.  A  bacterial  ear  rot  of  com, 

4.  Cottonwood  scab  due  to  Fusidadium  Tremulae. 

5.  Cranberry  rust  due  to  PucciniasUum  mymlH. 

6.  Cranberry  rot  due  to  Fusicoccutn  Putrefaciem. 

7.  Pig  cankers  caused  by  a  Botrytis  species. 

8.  Gooseberry  fruit  spot  caused  by  Pkylhsticta    Grossulariae. 

9.  A  bacterial  blight  of  the  blossoms  of  the  white  lilac. 

10.  Citrus  canker  on  oranges  imported  from  Japan. 

11.  Peony  acab  due  to  Cladosporium  peoniae. 

12.  The  bacterial  blight  of  English  Walnut. 
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'  A  namber  of  diseases  are  of  increasiBg  importance  and  de- 
mand investigation  either  aa  to  control  methods  or  etiology 
or  both.  These  are  in  addition  to  the  projects  already  under 
investigation.    The  following  may  be  mentioned: 

1.  The  crown  rot  of  fruit  trees. '  InveatigatioB  of  cause 
and  prevention. 

2.  Apple  anthracnose.  A  further  study  of  the  life  history 
of  the  fungus  and  experimental  work  of  the  control  of  the 
disease. 

3.  Fusarium  rot  of  onions.    Etiology  and  control. 

4.  The  rough  bark  disease  of  both  apple  and  pear. 

5.  The  leaf  roll  and  silver  leaf  of  the  prune.  The  cause  of 
these  troubles  is  lueertain  and  no  remedial  measures  are 
known.  The  silver  leaf  disease  of  Washiugton  has  not  been 
shown  to  be  identical  with  the  disease  of  this  name  in  other 
regions. 

6.  The  cause  of  clover  failures  in  Western  "Washington. 

7.  The  blight  of  alfalfa  due  to  fyrenopeeiza  Medicaginis. 

8.  The  value  of  spraying  for  potato  blight  in  Western 
Washington  and  the  distribution  of  this  disease. 

DIVISION  07  SOILS 

Soil  Hoistnre  Project. 

The  results  obtained  from  this  project  covering  a  period  of 
six  years  on  the  Palouse  soil  show  conclasively  that  the  total 
moisture  supply  to  the  growing  plant  is  not  affected  by  varia- 
tions in  summer-fallow  tillage.  It  has  been  found  that  there 
is  sufficient  precipitation  every  winter  to  leave  the  soil  in  a 
completely  saturated  condition  in  the  spring  of  the  cropping 
season  even  though  the  summer-fallowing  has  not  been  prac- 
ticed. The  distribution  of  moisture  in  the  soil,  however,  is 
affected  by  summer-fallow  and  by  variations  in  the  methods 
of  tillage  practiced  in  that  some  plots  showed  a  much  higher 
moisture  content  than  others  in  the  surface  foot  of  soil. 
The  results  showed  also  that  the  moisture  in  the  surface 
foot  of  soil  if  held  there  during  the  warm  portion  of  the  year 
bad  a  favorable  effect  upon  nitrification  as  indicated  by  the 
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increase  in  the  nitrate  content  of  auch  plots.  The  yield  of 
wheat  varies  almoat  in  direct  proportion  to  the  nitrate  content 
of  the  soil  and  conseqneutly  the  conclusion  has  heen  reached 
that  the  system  of  tillage  which  will  keep  the  largest  amonnt 
of  moisture  in  the  surface  foot  of  soil  during  the  summer- 
fallow  year  is  also  the  system  that  will  produce  the  best  crops. 


Pig.  3 — (8)  No  summer  Fallow — 20.5  bu.  wheat  per  acre.  (3)  Fall 
plowed,  early  Bprlng  disked  and  harrowed — 52.7  bu.  per  acre. 
(8)  Late  spring  plowed  and  harrowed — 30.6  bu.  per  acre. 

Crop  Besidue  and  Nitrification  Project. 

The  practice  of  summer-fallowing  on  the  soils  of  Eastern 
Washington  has  had  a  very  destructive  effect  on  the  organic 
matter  which  in  turn  has  had  a  detrimental  effect  on  the 
physical  condition  of  the  soil.  The  maintenance  of  humus  in 
the  soil  requires  that  crop  residues,  green  manures  or  barn- 
yard manure  be  returned  to  the  soil.  These  facts  together 
with  the  experience  that  very  unsatisfactory  crop  yields  are 
often  times  obtained  when  an  effort  is  made  to  increase  the 
humus  supply,  have  prompted  this  work. 

A  field  of  36  plots  was  laid  out  to  determine : — 

1.  Best  time  of  year  to  return  straw  to  the  field. 

2.  Comparison  between  plowing  under  or  surface  dressing 
of  straw. 

3.  Comparison  of  straw  applied  alone  or  supplemented 
with  sodium  nitrate. 

4.  Comparison  of  straw  used  on  spring  or  winter  grain. 
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Besults  obtained  previousl?  from  the  work  on  tillage  plota 
have  shown  coneluaively  that  nitrates  in  the  aoil  are  the  limit- 
ii^  factor  in  crop  production  from  the  standpoint  of  fertility. 
The  questions  whether  a  commercial  fertilizer  containing  uitro- 
gen  oould  be  aabsdtuted  for  summer-fallow  and  whether  such 
could  be  practically  introduced  in  Eastern  Washington  need 
an  answer.    Plots  were  laid  out  to  determine : — 

1.  Best  time  to  apply  a  nitrogen  fertilizer. 

2.  Amount  of  nitrogen  to  apply. 

3.  Comparative  value  of  sodium  nitrate  and  ammonium 
bolphate. 

4.  ComparatiTe  effect  on  winter  and  spring  seeding. 

5.  Location  in  the  ^ring  of  nitrates  applied  inthe  fall. 

In  connection  with  this  work  several  fertilizer  tests  with 
sodium  nitrate  were  conducted  in  co-operation  with  farmers 
on  wheat  fields  in  the  vicinity  of  Pullman. 

The  season's  results  do  not  justify  drawing  conclusions  with- 
out further  tests. 

Soil  Fertility  Project. 

To  determine  the  limiting  factor  in  soil  fertility  23  fertility 
tests  were  conducted  in  the  field  in  co-operation  with  17 
County  Agents.  This  work  was  supplemented  by  pot  tests 
at  Pullman,  conducted  on  three  different  soil  types  with  a  total 
cf  80  pots  grown  to  oats  and  30  pots  growil  to  clover.  The 
results  from  this  work  should  prove  invaluable  as  a  means  of 
giving  definite  information  concerning  the  fertility  and  lime 


Fig.  4 — A  WoBtern  Washington  soil — Melbourne  series.  A  pot 
t«at  whtcb  BbowB  tbat  the  soil  Is  In  need  of  both  [ihospborus  and  Ilmfl, 
■2  Indicated  by  tbe  Increased  growtb  of  oats  produced  on  alt  pots 
tbat  bad  pboapboniB  and  lime  applied. 
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reqairements  of  at  I'eaat  a  few  of  the  important  soil  typ^ea  in 

the  State. 

Lind  8iib-ftati(«L 

The  Soila  Department  in  co-operation  with  the  Dry  Land 
Snb'Station  at  Lind,  Wash.,  is  conducting  tillage,  fertilizer 
and  crop  residue  experimeDts  on  74  plots  in  duplicate.  Thirty- 
aix  of  these  plots  are  devoted  to  tillage  and  on  these  moiattire 
and  nitrate  determinations  were  made  for  the  first  time  this 
year.  Itesnlts  indicated  that  there  were  very  wide  variations 
in  the  nitrate  content  of  the  different  plots  as  affected  by 
variations  in  tillage.  .  In  fact  the  variations  in  nitrates  were 
greater  than  .the  variations  in  the  total  moisture  content  in  the 
plots.  This  would  tend  to  indicate  that  the  available  nitrogen 
supply,  even  in  those  dxy  land  soils,  may  become  a  more  direct 
limiting  factor  than  the  supply  of  moisture. 

Twenty  fertilizer  plots  were  laid  off  in  liie  spring  of  1918 
with  the  intention  of  determining  the  limiting  factor  of  soil 
fertility,  both  from  the  standpoint  of  yield  and  quality  of  the 
product  produced. 

Eighteeu  plots  were  laid  off  to  determine  the  value  of  crop 
residues  and  barnyard  manure  from  the  standpoint  of  time, 
manner  and  method  of  application. 
Pot  Work  on  Cn^  Beuduas. 

Last  year's  report  showed  that  an  application  of  straw  to 
soils  in  pots  decreased  the  yield  of  wheat.     This  work  was 
carried  on  again  this  year  on  another  soil  to  check  up  last 
year's  results.    The  following  table  gives  the  data: 
Troatment  Grain        Strav        Total 

gme.  gms.         gma. 

Control 6.60  16.7B  22.36 

Btniw,  11  gms 4,68  12.60  17.18 

Straw,  22  gma 4.05  10.00  14.66 

These  pots  are  in  crop  again  this  year  so  that  the  residual 
effect  of  straw  may  be  determined. 

Last  year's  report  showed  that  when  straw  was  applied  to 
an  alfalfa  soil,  which  is  ordinarily  considered  very  productive, 
it  had  the  same  depressing  effect  on  the  yield,  as  is  Mdicated 
in  the  data  above.    When,  however,  this  same  soil,  was  cropped. 
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the  BQCceeding  year  the  residual  effect  of  the  straw  applied 
the  preceding  year  was  apparently  beneficial,  as  indicated 
below. 

Treatment  Oraln        Straw         Total 

gmt.  sma.         gtu. 

Control 4.26  12.00  1«.2< 

Straw,  preceding  rear,  11  grme G.68  13.20  18.98 

In  connection  with  this  work  the  pot  tests  on  crop  residues 
and  mannre  both  supplemented  with  green  alfalfa  were  con- 
tinued. It  was  found  that  the  residual  effect  of  the  crop  resi- 
due iu  the  second  year  was  also  beneficial,  as  indicated  by  an 
increased  yield  of  wheat.  In  a  general  way  it  might  be  stated 
that  the  application  of  straw  has  a  depressing  effect  on  nitrifi- 
cation and  that  it  takes  almost  a  year's  time  before  this  effect 
is  sufficiently  overcome  to  bring  the  crop  yields  back  to  nor- 
mal.  After  this  depressing  effect  is  overcome  the  crop  residue 
has  a  beneficial  residual  effect. 
Oarbon-Nitroffen  BaUo  in  SoUx. 

An  effort  was  made  to  determine  the  effect  of  the  growing 
of  alfalfa  on  the  carbon  and  nitrogen  content  of  soils.  Soil 
aamples  were  obtained  from  the  Palouse  section  and  also  from 
the  irrigated  fields  in  the  Wenatchee  and  the  Yakima  valleys. 
The  tables  below  show  the  difference  in  the  carbon  and  the 
nitrogen  content  of  soils  grown  to  alfalfa  aa  compared  to  soils 
under  clean  cultivation. 

WENATCHEE  SOILS 
Time  In       Sofl  depth    Increase  In  nitrogen     Increase  In  carbon 
alfalfa         considered      In  lbs.,  per  acre         In  lbs.,  per  acre 
3  yra 5  feet 580  Ibe 15,800  lbs. 

3  Tre 4  feet 69  lbs 4,600  lbs. 

ZOyrs 6  feet .2.916  lbs 18.250  lbs. 

4  jrrs 4  feet 349  lbs 14.000  lbs. 

—  yra 5  feet 784  lbs 18.100  Iba. 

TakinwSoUs 

5  yrs 4  feet 1.116  lbs 2.265  lbs. 

e  ;r8 4  feet 87  lbs. 3,485  lbs. 

ISjn. 4  feet 1,616  lbs 19.689  Ibs. 

9;rs. 4  feet 864  lbs. 4.008  lbs. 

4jn 4  feet 1.254  lbs 4.366  lbs. 

S  TTB...* 4  feet 296  lbs 

7  yre 4  feet 923  lbs 1,917  lbs. 

PAXiOUSE  SOILS 
12  yrs 4  feet 4.160  lbs 71,600  lbs. 

4  7n. vetch    3  feet 1.093  lbs 26,400  lbs. 

.tOoqIc 
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Soil  Samide  Tests. 

AboQt  500  samples  of  soil  were  received  at  the  laboratory 
aad  examiued.  These  samples  were  submitted  by  farmers 
from  all  sections  of  (he  state,  indicating  that  the  service  offered 
by  this  department  is  not  only  appreciated  but  is  utilized.  In 
order  to  be  of  beet  service,  in  this  connection,  however,  the  de- 
partment should  devote  more  time  to  detailed  experimental 
work  in  the  field. 

DIVISION  OF  VETEKIKARY  SOIENOE 
Goitre  Disease. 

The  work  in  this  division  has  been  confined  to  the  one  pro- 
ject, V.  6 ;  Goitre  and  associate  conditions  in  domestic  animals. 
The  major  part  of  the  investigation  of  these  conditions  was 
conducted  as  formerly  at  the  temporary  station  located  between 
IVisp  and  Winthrop,  in  the  Methow  Valley,  Okanogan  County. 

It  is  gratifying  to  note  that  during  the  past  year,  experi- 
mentation with  goats  and  sheep  has  yielded  some  extremely 
satisfactory  and  encouraging  results.  Three  different  lots  of 
these  animals  which  had  previously  given  birth  to  goitred 
young,  this  year  dropped  perfectly  normal  young  as  the  result 
of  treatment  with  iodine,  administered  by  different  methods. 
The  first  lot  was  treated  by  giving  two  grains  of  potassium 
iodine  daily  throughout  pregnancy;  the  second  by  injecting 
under  tlie  skin  once  a  week  throughout  pregnancy,  one-half 
mil.  of  tincture  of  iodine  mixed  with  five  mils,  of  water;  and 
the  third  lot  was  treated  by  pouring  one  mil.  of  tincture  of 
iodine  on  the  back  once  a  week  throughout  pregnancy.  Results 
in  all  cases  were  uniform  and  the  efficiency  of  iodine  as  an 
agent  fur  the  prevention  of  congenital  goitre  and  hairlessness, 
St  least  in  the  case  of  goats,  has  been  proven  beyond  a  doubt. 
In  these  latter  animals,  it  was  possible  to  maintain  absolute 
checks  on  our  experimental  subjects. 

Constant  experimentation  during  the  past  three  years  baa 
failed  to  yield  conclusive  results  in  the  case  of  hogs.  Different 
Tarietics  and  sources  of  food  and  water  given  to  sows  during 
pregnancy,  has  failed  to  cause  the  farrowing  of  hairless  pigs. 
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Fig.  6 — A  pair  o(  BtlUboni 
and  hairless  kids  atfected  wltb 
goitre.  These  were  dropped  br 
an  Angora  doe  (No.  20)  in  tbtt 
spring  of  1917.  No  treatment 
was  administered  to  tbls  doe 
during  pregnancy. 


Pig.  6 — A  pair  of  normal  twin  kids  dropped  by  tbe  same  Angora 
doe  (No.  20)  in  the  spring  ol  1918.  after  administration  ot  one-half 
mil.  of  tincture  ot  Iodine  mixed  with  five  mils,  of  wat«r  under  the 
tkln  once  a  week  tbrougbout  pregnancy. 


D.n.iized  by  Google 


t^ TWENTY-EIGHTH  ANNUAL  REPORT 

In  praeticslly  all  cases,  sows  at  the  Station  have  dropped  nor- 
mal pigs,  end  this  without  the  administration  of  iodine.  It  ia 
evident  that  hogs  are  much  less  susceptible  to  this  condition 
than  either  goats  or  sheep. 

A  detailed  comparative  study  has  been  made  of  the  patholog7 
of  the  thyroid  glands  of  the  various  species  of  animals  and  this 
together  with  the  results  of  chemical  examination  points  to  a 
like  origin  of  goitre  in  goats,  sheep  and  cattle,  hairlessncsa  in 
pigs  and  the  condition  commonly  known  as  ' '  weak  colts. ' ' 

DIVISION  OF  ZOOLOGY  AMD  ENTOHOLOOT 

The  usual  routine  of  identification  of  insects  and  other  pests 
and  of  furnishing  advice  for  their  control  has  been  greatly  in- 
creased because  of  war>tinie  interest  in  food  production  and 
eonserration.  The  designation  of  the  Entomologist  as  project 
leader  in  extension  entomology  and  the  assignment  by  the  U.  8. 
Bureau  of  Entomology  of  five  entomological  assistants  has 
served  as  never  before  to  correlate  station  with  extension  work 
and  to  carry  to  the  pnblic  the  basic  investigations  of  this  in- 
stitution. Through  this  means  this  year  we  have  informally 
been  enabled  to  add  to  our  knowlei^e  of  the  work  and  control 
of  such  insects  as  the  coulee  cricket,  strawberry  root  weevil 
and  grasshoppers. 

Onmlwrry  Inieots. 

For  several  years  certain  newly  introduced  insects  have 
been  increasing  to  such  an  alarming  extent  as  to  threaten  the 
cranberry  industry  of  Southwestern  Washington.  Already 
several  bogs  have  had  their  entire  crop  ruined.  Preliminary 
surveys  during  1917  showed  that  the  main  damage  was  done 
by  the  blackhead  fireworm  (Eudemis  Vacciniana),vi\Ach  in  its 
new  environment  had  acquired  habits  remarkably  different 
from  its  behavior  in  the  East,  being  here  destructive  mainly 
to  the  fruit. 

Since  the  cranberry  growers  petitioned  the  U.  S.  Borean 
of  Entomology  likewise  to  engage  in  a  study  of  their  pests  it 
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waa  deemed  expedient  to  join  forces  and  hence  a  formal  con- 
tract  was  entered  into  for.  a  co-operative  study  of  cranberry  in- 
jects in  the  region  north  of  Ilwaco. 


uied  In  the  co-oper&llre 


Among  the  reaolts  of  this  season's  co-operative  work  may 
be  mentiwed  the  following  .- 

1.  The  identification  of  the  devastated  species  was  veri- 
fied, and  its  life  cycle  and  fruit  feeding  habits  investigated. 
It  was  ascertained  that  the  times  of  greatest  abundance  of 
the  larvae  were  the  latter  part  of  May  for  the  first  brood  and 
the  middle  of  Angost  for  the  second,  while  unlike  the  eastern 
form,  a  partial  third  brood  of  larvae  appeared  during  Sep- 
tember. 

2.  Snggested  methods  of  spraying  were  tested.  These 
showed  the  necessity  of  nsing  a  spreader  such  as  soap  or  glue 
with  the  insecticide.  In  general,  better  results  were  obtained 
with  nicotine  spray  than  with  the  customary  arsenical. 
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3.  iMcaUy,  a  native  weevil  (  Gcodereet  Inam^tms)  wu 
fosnd  destractiTe,  and  the  cranberry  girder  ( Cnm^mt  Hortit- 
elhis )  was  noted  as  widespread  tbougli  causing  relatively  lit- 
tle harm. 

Independently  of  the  co-operative  study  the  entomologist 
carried  on  some  spraying  tests  in  a  heavily  infested  bog,  to 
determine  if  the  penetration  system  of  spraying  developed  at 
this  Station  could  be  adapted  to  bog  conditions.  Inasmuch  as 
the  over-wintering  eggs  and  hatching  larvae  of  the  fireworm 
occur  excliuivelj  on  the  underside  of  the  leaves  within  a  few 
juchea  of  the  ground  it  was  deemed  advisable  to  drive  a  hori- 
zontal flat  spray  among  the  matted  vines  instead  of  depending 
on  the  usual  mist-spray  settling  down  from  above.  This  test 
apparently  has  given  the  keynote  to  future  spraying  proced- 
ure since  the  area  so  treated  developed  the  fewest  larvae  of 
the  bog. 

TuimiiTrity  of  thtt  8an  JoM  Scale  to  SjHmyB. 

In  order  to  bring  together  under  the  same  environment  scale 
insects  from  the  several  regions  of  the  state  an  attempt  was 
made  to  transfer  such  scale  insects  to  potted  trees  in  the  in- 
sectory  bnilding.  While  many  thousands  of  scales  in  all  were 
transferred,  being  lifted  off  by  a  fine  camel 's  hair  brush  im- 
mediately after  birth  and  laid  on  the  potted  trees,  the  experi- 
ment was  unsuccessful.  For  some  unknown  reason  the  trans- 
ferred scales  remained  naked  throughout  their  life.  Most  of 
the  scales  died  early  in  the  experiment;  a  few,  however,  lived 
to  develop  some  strands  of  white  wax,  which  failed  to  agglom- 
erate and  form  the  protecting  shell  so  characteristic  of  scale 
insects.  Those  that  reached  maturity  did  not  reproduce  in 
the  artificial  climate  of  the  insectary.  Absolute  failure  has 
repeatedly  been  met  in  trying  to  get  the  San  JoSe  scale  to 
thrive  at  Pullman,  both  out  of  doors  and  within  the  insectary, 
which  b  rather  a  commentary  on  the  usual  idea  that  the  San 
Jose  scale  is  the  worst  orchard  pest. 

A  more  successful  venture  was  an  exchange  of  infflstcd  trees 
between  Clorkston  and  Wenatchee.  These  trees  were  treated 
with  identical  solutions  of  lime-sulphur  and  in  line  with  enr 
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preTiotu  remits  a  g^reater  resistance  to  the  spray  was  shown 
by  the  Clarkston  scales.  Ehirin^  the  spring  months  the 
eztensiTe  apraying  tests  of  preceding  years  were  repeated  at 
Clarkston,  Walla  Walla,  Yakima  and  Wenatcbee.  Counts  one 
by  one  of  many  thousands  of  scales  at  definite  interrals  sab- 
sequent  to  the  spraying  showed  as  heretofore  a  marked  degree 
of  difference  in  resistanee  to  the  polysolphide  sprays  accord- 
ing  to  the  proTenience  of  the  insects.  Scales  from  Wecatchee 
were  relatively  highly  susceptible,  while  those  from  Clarkston 
showed  a  striking  resistance. 

In  connection  with  this  work  tests  of  many  insecticides  were 
made,  which  hare  an  ultimate  practical  bearing.  The  h^hest 
grade  of  miscible  oils  used  at  five  per  cent  strength  proved 
much  quicker  acting  and  more  efficient  than  the  customary 
polysulphid  sprays,  but  samples  of  one  widely  used  brand  ob- 
tained in  different  localities  lacked  uniformity  to  an  astonish- 
ing degree.  A  dry  form  of  lime-sulphur  did  not  measure  up 
to  the  liquid  in  efficiency  and  is  far  too  expensive  for  recom- 
mendation. Lime-sulphur  testing  three  degrees  Beaume  is 
usually  as  efficient  as  a  stronger  spray,  but  where  scales  show 
a  resistance  to  this  strength  they  are  resistant  likewise  to  a 
much  greater  concentration.  In  such  cases  it  is  advisable  to 
use  a  good  grade  of  heavy  oil  spray. 

Taxonomy  of  Insects. 

Some  technical  research  on  the  classification  of  certain 
groups  of  insects  has  been  carried  on  in  the  entomology  lab- 
oratories. A  paper  dealing  with  Drapelis,  a  group  of  preda- 
tory fliea,  appeared  in  the  Annals  of  the  Entomological  Society 
of  America,  Valume  XT,  pages  183-221  (June,  1918).  A  similar 
study  of  the  related  genus  Plalypalpus  has  been  made  and  is 
ready  for  publication.  A  monographic  review  of  the  scav 
enger  and  dung  flies  belonging  to  the  family  Borboridac  has 
been  practically  completed. 

Biological  Surrey  of  Washington. 

In  informal  co-operation  with  the  Bureau  of  Biological  Sur- 
vey of  the  U.  S.  Department  of  Agriculture  this  division  made 
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a  snTrey  of  the  base  of  Mount  Adams  and  of  the  Wenas  Val- 
ley, dnring  the  svunmer  of  1911.  The  entomologist  similarly 
was  afield  in  insect  scooting  work,  particularly  in  Western 
Washington,  going  from  place  to  place  by  automobile  so  aa  to 
come  into  direct  contact  with  the  insect  proUem  of  that  part 
of  the  state. 

ADAUB  BBANOH  EXFEBQEENT  STATION 

1917  was  the  first  crop  year  on  the  Adams  Branch  Experi- 
ment Station.  Crop  conditions  were  on  the  whole  unfavor- 
able, the  late,  cool  spring  causing  slow  development,  activity 
of  wire  worms  thinning  stands,  and  hot  summer  weather  seri- 
ously affecting  ripening  grain. 
Cereals. 

Because  of  unfavorable  weather  conditions,  no  fall  sown 
grain  on  the  station  survived  the  winter.  All  data  secured, 
therefore,  is  on  spring  sown  varieties. 

Twenty-eight  varieties  were  tested  under  field  conditions. 
In  addition,  over  100  other  varieties  were  tested  in  the  cereal 
nursery.  The  five  best  varieties  were  Early  Baart,  Wash.  No. 
618  with  a  yield  of  13.8  bushels  per  acre;  Karun  No.  1333, 
13.6  bushels;  Bobs  No.  1331,  13.1  bushels;  Koola  No.  1332,  12.4 
bushels;  Bluestem  No.  501,  8.9  bushels. 

Of  the  varieties  tested.  Early  Baart  is  the  leader.  This 
variety  of  recent  introduction  now  is  widely  grown  in  the 
drier  sections  of  the  state,  being  popular  both  from  the  grow- 
ers' and  the  millers'  standpoint. 

The  result  of  one  year's  test  on  date,  rate,  and  depth  of 
seeding  spring  wheat,  ia  too  inconclusive  for  report.  How-. 
ever,  in  general,  the  early  date,  the  heavier  rates  and  a  depth 
at  least  sufficient  to  prevent  drying  out  of  seed  gave  the  beat 
returns.  One  great  advantage  of  the  heavier  rates  lay  in  the 
more  complete  conta*ol  of  weeds. 

Of  the  other  cereals  under  test,  the  best  spring  rye  gave  an 
acre  yield  of  10.5  bushels,  spring  barley  16.2  bushels,  and 
spring  oats  19.5  bushels.  Millets  were  seeded  at  two  different 
dates  with  very  indifferent  results. 
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Forage. 

Besoltfi  with  forage  crops  were  not  particularly  encourag- 
ing. Alfalfa  and  sweet  cIoTer  were  so  light  in  yield  aa  to 
offer  very  little  encouragemeDt.  Com  returned  7.1  -  bushels 
of  grain,  and  1500  pounds  of  stover  per  acre ;  broom  com  4000 
pounds  of  stover  per  acre,  and  Russian  sunflower  also  4000 
pounds  per  acre.  Of  all  forage  crops  tried,  field  peas  seem 
most  promising. 

The  best  varieties  of  field  peas  grown  in  1917  and  their 
yields  were  as  follows:  Bangalia,  S.  P.  I.  8.9  bushels  per  acre; 
O'Bourke  S.  P.  I.  7.3  bushels;  Amraoti  S.  P.  I.  6.9  bushels; 
Lima,  S.  P.  I.  .  ..7  bushels;  Carleton,  S.  P.  I.  6.6  bushels;  Ca- 
nadian S  P.  I.  6.6  bushels. 

Peas  may  offer  possibilities  where  they  can  be  harvested  by 
stock,  but  for  grain  alone  the  crop  can  not  compete  wttb 
wheat. 

Additional  work  in  winter  cereals,  tillage  problems,  soil 
fertility  and  rotations  are  also  under  way, 

WATESVnXE  BBAMOH  EXPEBHSENT  STATION 

Intended  primarily  as  a  forage  experiment  station,  work 
on  the  Waterville  Station  combines  cereal  production  with  for- 
age cropping. 

The  best  yielding  winter  wheats  were  as  follows:  Turkey 
Red  No.  —  32.5  bushels  per  acre;  Turkey  Red  No[  326,  30.4 
bushels;  Triplet  No.  597,  29.9  bushels;  Turkey  Bluestem  No. 
540,  27.3  bushels;  Hybrid  No.  128,  36.2  bushels. 

The  best  yielding  spring  wheat  varieties  were  as  follows: 
Bluestem,  Wash.  No.  362,  28.7  bushels  per  acre ;  Early  Baart, 
Wash.  No.  618,  26.5  bushels;  Cbul x Bluestem,  Wash.  No.  622, 
25.4  bosbels;  White  EUiott,  Wash.  No.  1351,  22.6  bushels. 

Field  peas  were  also  grown  on  the  Waterville  Station.  The 
beat  yielding  varieties  were  as  follows:  Kaiser  S.  P.  I.  No. 
17006,  16.9  bushels  per  acre;  Lima  S.  P.  I.  No.  23850,  15.4 
bnahels  per  acre;  Amraoti  S.  P.  I.  No.  21709,  14.2  bushels f 
Bangalia  S.  P.  I.  No.  21288,  13.1  bushels ;  Grey  Winter  S.  P.  I. 
No.  16436,  13  bushels. 


*9 
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Oth«T  crops  have  not  been  grown  long  enough  for  a  report 
to  be  made. 

.An  additional  160  acres  has  been  leased  for  enlarg^ing  the 
station  and  is  being  put  into  condition  for  the  experimental 
work  in  1919. 

PE0S8ER  BKAKOH  STATION 

The  last  legislfttare  authorized  the  selection  of  a  site  for.  an 
irrigation  experiment  station  and  delegated  authority  to  select 
such  site  to  the  State  College  of  Washington.    A  committee 


R.ZS.E..iV.M. 


Proposed  Site  of  Irrigation  Station 
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wu  tlierefore  appointed  including  the  Irrigation  Engineer 
and  the  Auiatant  Soil  PhTsidBt  of  the  Washington  Experiment 
Station  and  the  Irrigation  Engineer  of  the  U.  8.  BeclamatioB 
Service  for  Takima  Yalle;  and  a  representatiTe  from  the 
D.  S.  Department  of  Agricolture.  Several  available  sites  were 
conndered  and  a  site  finally  selected  four  miles  northeast  of 
Prosser  above  the  Snnnyside  Canal,  as  indicated  in  Fig.  8. 

The  Northern  Pacific  Bailway  Co.  donated  tract  No.  1  and 
gave  an  option  on  tract  No.  2  for  $30  per  acre  on  condition 
that  $2000  be  spent  on  improvements  within  one  year,  the 
option  to  be  taken  up  within  30  days  after  the  close  of  the 
sixteenth  session  of  the  Legislature.  These  two  tracts  were 
held  under  contract  by  the  Hon.  E.  F.  Benson,  Commissioner 
of  Agriculture,  and  the  payments  which  he  had  made  the  rail- 
way company  on  tie  two  contracts  were  accepted  as  total  con- 
sideration for  the  80-acre  tract  deeded  to  the  state. 

F.  M.  Rotfarock  haa  also  granted  a  favorable  option  on  tract 
No.  3.  The  soil  of  the  entire  tract  of  207.98  acres  varies  from 
a  light,  sandy  loam  to  a  heavy,  sandy  loam  And  is  well  suited 
to  the  purposes  of  experimentation.  Since  this  tract  lies  above 
the  old  ditch  and  is  to  be  watered  from  a  pipe  line,  there  ia 
practically  no  danger  of  seepage.    The  tract  offers  all  slopes. 

The  citizens  of  Prosser  donated  $3000  for  the  initial  develop- 
ment of  the  tract  and  the  work  of  clearing,  plowing  and  Jevel- 
ing  is  in  progress. 

ornoE  or  r aam  mabkzts 

The  fifteenth  Legislature  passed  an  act  creating  the  "Office 
of  Director  of  Farm  Markets"  with  an  appropriation  of  $1S,- 
000  for  the  bienninm,  and  authorized  the  Director  of  the  Ex- 
periment Station  to  nominate  the  Director  of  Farm  Markets 
and  requisition  the  expenditure  of  the  appropriation.  The 
law  became  effMtive  June  8,  1917,  and  active  work  began  by 
the  appointment  of  Asher  Hobson  as  Director,  with  head- 
quarters at  Pullman.  The  Bureau  of  Markets  of  the  United 
States  Department  of  Agriculture  has  contributed  $1143.65 
and  the  Extension  Service  of  the  State  College  $1500.00  for 
co-operatiTe  work  in  marketing. 
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The  office  bu  maintsined  an  asBistaat  and  a  elerk  for  fnll 
tnne  and  baa  aecured  considerable  aid  througli  the  hearty 
eo-operation  of  the  State  Department  of  Agricolture. 

The  following  is  a  brief  sommary  of  the  activities  of  this 
office. 

1.  Organieed  15  co-operative  ntarkflting  aasociationa. 

2.  Investigated  and  rendered  a  decision  on  10  eomplainta 
of  shippers  of  farm  produce. 

3.  Conducted  Food  Survey  (Federal  Boreaa  of  Markets) 
city  of  WaCa  Walla. 

4.  Addressed  196  previously  advertised  public  meetings. 

5.  Participated  in  192  marketing  conferences  with  indi- 
viduals and  committees,  ezclosiTe  of  office  conferences. 

6.  Aan&lyzed  business  activities  of  the  Washington  Co- 
operative Egg  and  Poultry  Association. 

7.  Compiled  classified  mailing  list  of  growers  of  the  state. 

8.  Compiled  classified  list  of  wholesale  dealers  of  Wash- 
ington farm  products  of  Pacific  Northwest. 

9.  Compiled  classified  list  of  farmers'  business  organiza- 
tions of  the  state. 

10.  Issued  Monthly  Cold  Storage  Reports  for  Btat«  since 
November,  1917. 

11.  Published  two  bulletins. 

12.  Issued  19  circulars. 

13.  Contributed  16  special  articles  on  marketing  subjects 
to  the  agricultural  press. 

14.  Conducted  extensive  research  work  on  co-operative  and 
cold  storage  laws  in  the  United  States. 

15.  Made  detailed  study  of  Public  Markets  in  the  stale 
of  Washington. 

16.  Issued  75  certificates  of  inspection. 

17.  Used  87,460  franked  envelopes  and  11,000  franked 
cards. 
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PUBUOATIONS 

The  following  publlcatloiu  were  prepured  br  membera  of  tlis  Ez- 
psriment  Station  staff  and  publlghed  during  the  year: 


147.  Factors  Influencing  Water  Redal reman ta  of  Planta,  by  C  C. 
Thorn  and  M.  F.  Holts. 

148.  Evaporation  of  Fruit  and  Vegetablea,  by  J.  B.  Caldwell. 

149.  Preparation  and  Use  of  Pure  Cultures  for  Legume  Inocula- 
tion, by  C.  A.  Magoon  and  B.  8.  Dana. 

IGD.     Studlea  on  the  Morphology  of  Wheat,  by  Q.  H.  Jensen. 
Popular  BnUeana. 

112.  Home  Preparation  of  Breakfast  Foods  and  Flour  from  Whole 
Qraln,  by  Geo.  A.  Olson. 

113.  Potatoes  (poster)  Some  Potato  Production  Requlaiteo,  by  R. 
J.  Barnett,  F.  D.  Heald,  and  A.  L.  Melander. 

114.  Two  Methods  of  Preserving  Eggs,  by  Geo.  A.  Olson. 
Newspaper  BoUetl&a. 

244.     Sllase  lor  Hones,  Sheep,  Cattle  and  Swine,  by  Wm.  Hlslop. 
246.     Separate   the   Ram   Lambs  from   the   Ewe   Lambs,   by   Wm. 
HiBlop. 

246.  Statement  of  Situation  Relati&s  to  the  Increase  of  the  1918 
Wheat  and  Rye  Crop,  by  Geo.  Sererance. 

247.  Planting  a  War  Wheat  Crop,  by  E.  G.  Sehafer. 

248.  Increasing  Wheat  Production  Through  Better  Tillage  Methods 
in  Regions  of  Light  Rainfall  (less  tban  18  in.),  by  A.  H. 
Rlchardecm. 

260.     Sprouted  Oats  for  Poultry,  by  Mrs.  H,  D.  Whitaker. 

The  following  Extension  publications  were  prepared  by  members 
of  the  Experiment  Station  staff; 
BnUetine. 

29.  The  Bulk  Handling  of  Grain  on  Washington  Farms,  by  Asher 
Hobson. 

30.  Directory  of  Breeders  of  Pure-Bred  Livestock  in  Washington. 
Compiled  by  Wm.  Hialop. 

S6.     Spraying  Formulas  for  Garden  Insects,  by  A.  L.  Melander. 
16.     State  Plan  for  Increasing  Food  Production  (for  1918),  by  Geo. 

Severance. 
39.     Spraying  Formulas  tor  Orchard  Insects,  by  A.  L.  Melander. 
41.     Spraying  Practices  for  Fruit  Diseases,  by  F.  D.  Heald. 
44.     Selection  and  Care  of  the  Dairy  Herd  Sire,  by  E.  O.  Woodward. 
46.      Dairy  Feeding  Chart,  by  E.  G.  Woodward  and  K.  B.  Mnsser. 
46.     Prevention  of  and  Protection  from  Smut  Duet  Explosions  aud 

-  Fire  in  Grain  Separators,  by  E.  G.  Thornton. 
Clrcnlar. 

4.  You  Can  Control  Stinking  Smut  of  Wheat,  by  F.  D.  Heald. 
EnttMuology  drcnlars  by  A.  L.  MelMider. 

1,  Treatment  for  Insects  Infesting  Stored  Qraln,  Etc. 

2.  Currant  and  Gooseberry  Maggots. 

5.  Bed  Bugs. 

4.     Codling  Motli  Spraying. 

6.  Bee  Culture  Suggeetloua. 

6.  Ants. 

7.  Cutworms. 
BoCiHty  Olrcolar. 

2.     Inoculation  of  Legumes,  by  T.  J.  Murray. 
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Tlie  United  States  Appropriationa,  1917-1918 


Dr.  Hatch 
Receipts  trom  the  Treasurer  of  the  Unfted 
States,  as  per  approprlatlooa  for  liscal 
year  ended  June  80,  1918,  under  acts  of 
Congress  approved  March  2,  1SS7  (Hatch 
Fund)     and     March     16,     1906     (Adams 

Fund)    (16,060.00 

Cr.  Abstract 

Solarlee 1      |  8,648.17 

Labor 2  2,765.47 

PublioaUonB 3  617.54 

Postage  and  stationery   4  451.14 

Freight  and  express    6  146.89 

Heat,  light,  water,  and  power 6  32.56 

Cbemicals  and  laboratory  supplies ....      7  25.00 
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Feeding  stuffs    10  36.76 
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riNANOIAL  STATEMENT 


Stat«  Tiinds  Expended  on  Main  Station  and  All  Branch  Sta- 
tions, Indndlng  the  Western  Washington  Station 
April  1, 1917,  to  March  31, 1918 


state        Contn- 
Appropriation    butlone 

Salaries (19,059.12  |  «6.00  | 

LAbor 10.717.31 

PubllcatlonB 8,060.72 

Postage  and  statlonerr- .      1,174.91 

f^eigbt  and  eiprese 781.34 

Heat,    light,    water,    and 

power 5SS.90 

Cbemical  and  laboratoir 

Buppllea 221.13 

Seeds,  plantB  and  BUndry 

BOppUes 2,732.0G 

Fertlllzere 67.90 

Feeding  atuKs K,760.46 

Ubrary 262.38 

ToolB,  Macb'y  and  appli- 
ances        2.279.44 


Furniture  and  fixtures. 
BcL  apparatus  and  sped- 

lilveatock 

Traveling  expenses   .... 
Buildings    


689.46 

782.03 

250.00 

2.161.97 

7.B99.11 


Sales  Total 

3,326.66  822,4bO.T7 

2,771.08  18,488.89 

2,614.17  6,674.89 

859.11  2,034.02 

181.14  962.18 


1,312.66  4,064.86 

193JT  261.17 

1,372.21  7,132.6« 

13.60  276.89 


968,176.22   tl40. 
Marcli  31,  1918,  balances       


!64.96  1,036.98 

250.00 

782.46  2.997.8< 

147.00  8,948.11 

.30   116.099.45  174,415.98 

6.338.89  5,402.46 

(68,176.22  1203.87  (31,438.36  (79.818.44 


April  1, 1917  balance  oa 

hand   

Beoelpta   


(58,176.22  (203.87  (21,438.36  (79,818.44 
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SUGAR  BEETS  UNDER  IRRIGATION 
IN  WASHINGTON 


INTRODUCnON 

The  production  of  sugar  beets  requires  intensive 
methods  of  culture  and  has  often  been  looked  upon  tinfavor' 
ably  by  the  farmer  who  has  practiced  only  extensive  farm- 
ing. That  irrigation  districts  in  the  State  of  Washington 
and  especially  in  the  Yakima  Valley  are  admirably  adapted 
to  the  production  of  sugar  beets  was  demonstrated  by  the 
■Washington  Elxperimetnt  Station  in  cooperation  with  numer- 
ous farmers  before  the  year  1900.'  The  yields  obtained  and 
the  quality  of  the  product  in  many  instance  since  then  have 
shown  that  the  early  conclusions  were  correct. 

It  was  not  until  1917  that  sufficient  interest  had  de- 
veloped to  result  in  the  establishment  of  a  beet  sugar  factory 
at  Yakima.  The  results  of  the  first  year  were  very  encouri^- 
ing  and  led  directly  to  a  greatly  increased  acreage  and  the 
construction  of  two  other  sugar  factories  in  this  Valley:  one 
at  Sunnyside  and  another  at  Toppenish. 

The  1918  crop  was  not  as  successful  as  the  growers  had 
hoped  it  would  be.  Many  of  the  partial  failures,  however, 
can  be  traced  to  preventable  causes.  A  close  study  of  the 
requirements  of  su'gzir  beets  and  a  firm  determination  on  the 
part  of  the  grower  to  meet  such  requirements  should  estab- 
Ibh  the  beet  sugar  industry  permanently  in  the  State. 

THE  INFLUENCE  OF  CUMATE 

Very  few  of  the  general  farm  crops  growni  are  as  sensi- 
tive to  variations  in  climatic  conditions  as  sugar  beets.  A 
high  percentage  of  the  failures  in  the  early  stages  of  the 
sugar  beet  industry  were  no  doubt  caused  by  the  lack  of  ap- 
preciation of  this  fact.  Since  then,  however,  experiences  in 
the  culture  of  this  crop  both  in  E^lrope  and  at  home  have 

•BolB.  15,  26,  31,  Wash.  Exp.  Sta. 
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shown  quite  specifically  its  limitations  and  requirements  from 
many  standpoints  including  climate.  It  is  the  intention  here 
to  compare  the  climatic  conditions  prevailing  in  the  irrigated 
areas  of  Washington  to  ideal  conditions  for  this  crop  as  far  as 
known,  and  also  indicate  how  some  of  the  climatic  factors  caa 
in  part  be  controlled  artificially. 

Sugar  beets  have  been  grown  most  successfully  in  that 
belt  in  the  United  States  where  the  aver^pe  temperature 
during  June,  July,  and  Ai^ust,  the  three  best  months  of  the 
growing  season,  has  been  not  more  than  70  degrees  Fahren- 
heit. Most  of  this  data,  however,  has  been  obtuned  in  the  ' 
humid  sections  of  the  country  where  irrigation  is  not  practic- 
ed, and  where  the  variation  between  the  night  and  day  tem- 
perature is  not  very  great.  In  the  irrigated  sections  of  this 
state  the  average  temperature  for  June,  July,  and  August  is 
practically  70  degrees  Fahrenheit,  The  daily  range  in  tem- 
perature, however,  will  often  exceed  50  degrees  which  is 
much  greater  than  that  of  humid  regions.  This  range  means 
that  the  temperature  during  the  day-time  may  frequently  run 
up  to  100  degrees,  and  above,  a  condition  which  may  be  very 
detrimental  to  the  best  growth  of  beets  where  moisture  is 
limited  or  where  irrigation  is  not  efficiently  and  correctly 
practiced.  On  the  other  hand  this  temperature  may  be  a 
benefit  when  it  occurs  at  a  time  and  under  conditions  where 
the  moisture  supply  is  adequate  to  prevent  the  plant  from 
wilting.  The  absorbtion  of  carbon  dioxide  and  water  and  the 
production  of  starch  and  sugar  does  not  go  on  at  its  maximum 
when  the  plant  is  partly  wilted.  This  is  a  fact  that  needs 
to  be  fully  appreciated,  and  has  a  direct  bearing  upon  effi- 
cient irrigation  and  cultivation,  and  consequently  this  matter 
will  be  treated  more  fully  under  these  respective  headings. 

Sunshine  is  necessary  for  the  development  of  sugar 
in  all  green  plants,  and  since  the  value  of  this  particular  crop 
depends  entirely  upon  the  amount  of  sugar  produced  per 
acre,  it  is  justifiable  to  give  some  consideration  to  the  matter 
here  even  though  its  amount  and  intensity  are  not  subject  to 
artificial  control.  It  is  a  well  known  fact  that  sunlight  may- 
be too  intense  for  maximum  sugar  production,  in  that  this 
process  in  the  plant  is  carried  on  at  its  best  in  the  middle  of 
the  forenoon  and  afternoon  rather  than  at  the  time  when 
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the  sun  is  at  its  highest.  A  long  period  of  partly  subdued 
light  is  more  desirable  than  a  shorter  period  of  more  intense 
light.  The  latitude  of  Wasliington  is  such  as  to  provide  a 
long  period  of  sunshine  during  the  growing  season  while  the 
intensity  of  light,  at  no  time,  is  as  extreme  as  would  be  ex- 
perenced  in  latitudes  where  the  rays  become  more  nearly 
vertical.    This,  together  with  the  fact  that  the  State  is  favor- 


Pig.  1.  A  Model  Mature  Sugar  Beet.  This  beet  was  grown  on  th« 
Western  Sugar  Company's  farm  at  Billings,  Montana,  and  shows 
many  desirable  characteristics,  such  as  the  small  root  crown,  th« 
gradually  tapering  root,  the  one  continuous  root  seam  of  proper 
depth,  the  small  twist  at  the  lower  end  ot  the  root  seam,  and  the 
well  pronounced  wrinkles  on  the  surface,  which  indicate  high  si^ar 
content. 

ed  with  a  high  percentage  of  clear  days  in  the  summer  as  is 
evidenced  by  the  low  precipitation  during  this  season  of  the 
year,  is  no  doubt  largely  responsible  for  the  high  percentage 
ot  sugar  reported  for  beets  grown  in  the  Yakima  Valley. 
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The  velocity  of  the  wind  is  an  improtant  factor  because 
many  soils  that  are  suitable  for  irrigation  contain  high  per- 
centages of  sand  and  are  subject  to  blowing.  On  the  other 
hand,  the  effect  of  winds  on  evaporation  ia  not  nearly  as  pro- 
nounced in  an  arid  and  consequently  irrigated  section  as  it 
would  be  under  conditions  of  greater  humidity.  The  atmos- 
phere in  an  arid  section  contains  a  very  low  percentage  of 
moisture  and  evaporation  will  practically  be  at  a  maximum 
irrespective  of  any  circulation, — a  conditiion  that  is  quite  the 
reverse  in  humid  regions. 

Mature  sugar  beets  are  very  hardy  and  wiU  withstand 
extremes  in  climatic  conditions  better  than  most  cultivated 
plants  but  the  young  plants  when  first  appealing  above  the 
ground  are  extremely  sensitive  to  low  temperatures,  and  al- 
though they  may  not  be  directly  injured  will  grow  very  slow- 
ly under  such  conditions.  Compared  with  other  plants,  si^ar 
beets  require  a  long  period  to  reach  maturity,  and  most  irri- 
gated sections  in  this  state  have  growing  seasons  BufHcient- 
ly  long  to  make  possible  the  successful  growth  of  this  crop 
without  the  necessity  of  chancing  late  frosts  in  the  spring 
or  cold  weather  early  in  the  fall. 

THE  SOIL 

In  common  with  most  other  cultivated  crops,  beets  can 
be  grown  on  almost  any  type  of  soil,  varying  all  the  way  from 
sands  to  clay  loam.  They  will  best  adapt  themselves,  how- 
ever, to  a  sandy  loam  soil.  Arid  soils  are  comparatively  rich 
in  available  plant  food  as  a  direct  result  of  the  fact  that  they 
have  been  weathered  by  the  forces  of  nature  for  a  long  geo- 
logical period,  and  the  rainfall  has  never  been  sufficient  to 
cause  an  extensive  loss  of  the  soluble  plant  foods  by  leaching. 
The  native  vegetation  although  sparse  has  been  sufficient  not 
only  to  protect  these  areas  against  blowing,  but  also  to  incor- 
porate considerable  organic  matter  in  the  soil. 

In  preparing  such  lands  for  irrigation  after  they  have 
been  cleared,  it  often  becomes  necessary  to  do  considerable 
leveling  of  the  surface  in  order  that  water  can  be  efficiently 
and  satisfactorily  applied.  This  practice  frequently  disturbs 
the  upper  layer  of  soil  to  such  an  extent  that  nothing  but 
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sub-soU  appears  on  the  surface  of  the  prepared  area.  This 
condifjon  makes  these  soils  comparatively  unproductive  for 
the  first  few  seasons.  The  smoothing  of  the  surface  of  an  ex- 
tensive eirea*  and  the  consequent  presence  of  sub-soil  at  the 
surface  unfortunately  produces  conditions  for  the  detriment- 
al effects  of  blowing.  Very  commonly  fields  that  required  a 
great  deal  of  leveling  will  undergo  considerable  settling  after 
water  is  applied,  and  the  ^led  in  areas  will  frequently  be- 
come sufficiently  depressed  to  prevent  the  uniform  flow  of 
irrigation  water.  All  of  these  factors  make  it  unwise  to  in- 
troduce a  crop  that  requires  intensive  care  and  much  ex- 
pense, on  new  lands  and  this  applies  especially  to  sugar  beets. 
The  soil  chosen  for  this  crop  should  be  one  that  gives  every 
assurance  of  success  as  indicated  by  returns  of  preceding 
years. 

Most  root  crops  including  sugar  beets  require  large 
amounts  of  nitrogen  and  potash  and  are  favorably  fiffected 
by  a  liberal  supply  of  humus  in  the  soil.  Practically  all  of 
the  irrigated  soils  in  this  state  are  more  deficient  in  nitrogen 
than  in  any  other  one  of  the  plant  food  elements.  Provision 
must  therefore  be  made  to  artificially  supply  this  element  in 
order  that  agriculture  on  these  soils  may  not  only  be  immedi- 
ately but  permanently  profitable.  A  legume  such  as  alfalfa 
has  a  tendency  to  maintain  the  nitrogen  supply  because  it  has 
the  power  of  taking  this  element  from  the  air  and  incorpor- 
ating it  in  the  soil.  The  nitrogen  taken  from  the  air  is  not 
only  sufficient  to  supply  the  needs  of  the  alfalfa  {Jant;  but  is 
usually  enough  to  furnish  a  few  succeeding  crops  with  this 
neoeasaiy  element  of  plant  food. 

In  growing  sugar  beets  or  any  other  cultivated  crop  on 
these  irrigated  lands,  success  ctuinot  be  expected  unless  they 
are  fitted  into  a  system  of  rotation  where  a  legume  is  grown 
for  at  least  one-fourth  of  the  time.  This  matter,  however,  is 
of  sufficient  importance  to  deserve  special  consideration  and 
will  therefore  be  treated  under  a  separate  heading. 

■  It  is  fortunate  that  fine  sandy  loam  soils  are  so  well 
adapted  to  the  growth  of  beets  because  these  soils  have  ideal 
physical  properties  from  the  standpoint  of  a  crop  that  requires 
intensive  tillage  in  its  early  stages.  Sandy  loams  have  the  ad- 
vantage of  not  only  being  easily  tilled  at  a  minimum  expense^ 
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but  their  surface  dries  out  very  rapidly  after  an  irrisration. 
This  permits  cultivation  very  soon  after  the  water  has  been 
applied  without  danger  of  puddling.  Such  early  cultivation 
prevents  weeds  from  getting  a  foothold. 

The  expense  of  raising  sugar  beets  is  very  decidedly 
affected  by  the  ease  with  which  the  weeds  can  be  controlled, 
and  this  control  depends  lai^ely  upon  how  close  the  horse 
cultivator  can  be  run  up  to  the  rows  when  the  plants  are 
young.  Clay  soils  that  are  inclined  to  bake  and  become 
lumpy  will  not  permit  this  close  tillage  because  of  the  tend- 
ency to  cover  the  young  plants.  Sandy  soils  are  subject  to 
blowing,  and  this  destructive  effect  upon  the  young  plants 
must  be  given  foremost  attention  in  all  operations  pertain- 
ing to  the  culture  of  sugar  beets  on  light  soils. 

PREPARATION  OF  SEED  BED 

The  preparation  of  the  seed  bed  in  the  growing  of 
su^ar  beets  is  perhaps  the  most  important  operation.  Pri- 
marily this  is  true  for  the  reason  that  sugar  beets  from  a 
cultural  standpoint  are  really  a  truck  crop,  but  are  grown  by 
the  general  farmer  who  is  not  familiar  with  the  detailed  till- 
age methods  employed  by  the  truck  farmer.  Simply  prepar- 
ing the  seed  bed  and  immediately  planting  the  crop,  a  prac- 
tice commonly  followed  in  general  farming,  is  not  satisfac- 
tory. It  must  be  fully  appreciated  that  this  is  a  crop  that 
will  present  a  decided  weed  problem  and  requires  much  un- 
necessary hand  labor  if  improperly  handled  in  the  early 
stages. 

All  land  for  sugar  beets,  whenever  possible,  should  be 
plowed  in  the  fall.  As  soon  as  the  season  opens  up  in  the 
spring  sufficiently  to  allow  good  tillage,  the  field  should  be 
disked.  If  the  soil  is  not  subject  to  much  blowing,  the  field 
may  then  be  harrowed.  Harrowing,  however,  is  an  exceed- 
ingly dangerous  operation  if  the  soil  has  a  tendency  to  be 
easily  transported  by  the  wind.  Under  such  conditions  this 
operation  should  be  eliminated.  The  first  disking  should  be 
followed  by  two  succeeding  diskings  at  intervals  of  about  ten 
days  each.  These  tillage  operations  will  produce  a  mulch  on 
the  surface  of  the  soil  early  in  the  season  which  will  con- 
serve the  winter  rainfall  or  moisture  of  winter  irrigation  if 
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such  has  been  practiced.  In  this  manner  two  or  three  crops 
of  weeds  are  killed  before  the  sugar  beets  are  planted,  and 
this  is  all  done  at  a  time  when  the  work  can  be  carried  on 
with  least  expense. 

Fiill  plowing  followed  by  three  diskings  in  the  spring, 
will  usually  firm  tiie  soil  sufficiently  to  present  a  good  seed 
bed  for  planting  the  crop.  If  the  surface  of  the  field  at  this 
time  appears  too  rough  for  the  satisfactory  operation  of  the 
seeder  or  beet  drill,  it  may  be  advisable  to  run  a  corrugated 
clod  crusher  over  the  soil  in  a  direction  at  right  angles  to  the 
direction  in  which  the  beets  are  to  be  planted.  Seeds  planted 
under  these  conditions  are  not  only  incorporated  in  the  soil 
at  a  uniform  depth,  but  they  are  sufficiently  well  supplied 
with  moisture  to  make  rapid  germination  possible.  The 
roughened  surface  produced  by  the  corrugations  of  the  clod 
crusher  will  also  lessen  the  tendency  for  the  soil  to  blow. 

If  beets  are  to  be  planted  on  spring  plowing,  it  is  un- 
fortunate, and  some  difficulties  will  be  encountered  in  keep- 
ing sufficient  moisture  near  the  surface  for  good  germina- 
tion. Under  these  cmiditions  a  good  stand  can  be  expected 
only  after  the  soil  has  become  thoroughly  compacted  by 
means  of  a  corrugated  roller  or  a  sub-surface  packer.  Such 
tillage  provides  a  condition  that  allows  the  moisture  from  be- 
low to  rise  sufficiently  by  capillarity  to  overcome  this  diffi- 
culty. 

If  the  winter  rainfall  is  not  sufficient  to  furnish  the 
proper  amount  of  moisture,  the  soil  should  be  irrigated  at 
least  four  weeks  before  planting.  If  this  irrigation  is  sup- 
plemented with  the  tillage  recommended  above,  ideal  condi- 
tions for  the  germination  of  weed  seeds  are  established  very 
early  in  the  spring.  Thus  after  the  field  is  disked  three  or 
four  times  it  is  practically  clean  when  planted  and  there  are 
very  few  weed  seeds  left  in  the  soil  that  are  capable  of  germi- 
nating. Many  discouragements  and  failures  in  beet  culture 
can  be  traced  to  the  lack  of  proper  weed  control  before  the 
crop  is  planted.  The  two  extremes  in  conditiions  are:  first, 
where  the  whole  field  is  green  with  small  weeds  before  the 
beet  seeds  have  sprouted  and  grown  sufficiently  for  the  plants 
to  reach  the  surface  of  the  ground, — a  condition  that  makes 
hoeing  necessary  even  before  the  crop  is  ready  to  be  thinned; 
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and  second,  where  the  beet  seeds  will  be  the  first  seeds  to 
send  their  shoots  above  the  ground  and  hoeing  is  hardly 
necessary  throughout  the  season,  except  at  the  time  of  thin- 
ning.    

PLANTING  THE  SEED 
The  beet  crop  should  not  be  planted  until  the  soil  has 
wanned  up  sufficiently  to  cause  rapid  germination  of  the 
seed.  It  ^ould  be  the  aim,  however,  to  do  the  planting  as 
soon  as  the  soil  is  in  proper  condition.  Planting  which  is  de- 
layed too  long,  will  reduce  the  length  of  the  growing  season 
and  a  long  season  is  necessary  for  the  production  of  a  maxi- 
mum crop.  DeJay  in  planting  after  the  soil  is  in  proper  condi- 
tion may  result  in  drying  out  the  surface  soil  and  leave 


Ffe.  2.  A  Good  SUnd  Generally  Means  a  Profitable  Crop.  A  perfect 
stand  of  beets  will  produce  more  than  twenty  tons  per  acre  even 
ander  conditions  where  the  average  weight  per  beet  is  only  one  and 
one-half  pounds. 

insufficient  moisture  for  germination  of  the  seed.  The  best 
date  for  planting  sugar  beets  will  differ  with  different  sea- 
sons. They  should  be  planted  after  the  spring  grains  such 
as  wheat,  oats  and  barley,  but  before  the  best  time   for 
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planting  com.  The  time  for  planting  should  be  ^vemed 
entirely  by  the  season  and  the  condition  of  the  soil.  Early 
plantiQET  is  not  only  desirable  in  that  it  prolongs  the  grow- 
ing season  but  aids  in  combatting  many  insect  pests  and 


The  amount  of  seed  necessary  depends  upon  its  qual- 
ity and  size.  It  is  deeriable  to  have  seed  of  high  per  cent 
of  germination  and  free  from  foreign  material.  The  seed  of 
the  sugar  beet  is  contuned  in  seed  balls.  The  number  so 
contained  is  not  uniform  find  if  the  seed  balls  are  small,  a 
larger  number  will  be  required  to  make  a  pound  and  a  less 
amount  by  weight  is  necessary  to  plant  a  pven  area.  Because 
of  the  character  and  condition  of  the  seed  it  is  impossible  to 
secure  a  complete  stand  without  providing  at  planting  time 
for  more  plants  than  are  actually  necessary.  Fifteen  pounds 
of  good  average  seed  will  usually  be  sufficient  to  plant  an 
acre. 

The  rows  should  be  about  twenty  inches  apart.  A  wider 
spacing  will  have  a  tendency  to  produce  large  beets,  especial- 
ly if  the  soil  is  rich  and  growing  conditions  favorable.  Very 
large  beets  are  not  desirable  since  a  larger  number  of  beets 
of  normal  size  resulting  from  closer  spacing  will  yield  as  large 
a  tonnage  with  less  waste  in  topping  and  a  product  of  higher 
sugar  content.  Bows  should  be  spaced  wide  enough  apart  in 
soils  of  medium  fertility  to  produce  a  medium  sized  beet. 
Soils  of  low  fertility  should  not  be  used  for  sugar  beet  grow- 
ing. Rows  spficed  from  twenty  to  twenty-four  inches  apart 
are  cultivated  and  irrigated  more  easily  and  at  less  expense 
than  when  closer  together.  When  growing  sugar  beets  for 
the  first  time  much  difficulty  in  cultivating  and  caring  for 
this  intensive  crop  may  be  eliminated  by  wider  spacing.  After 
the  grower  more  thoroughly  understands  the  practices  em- 
ployed in  sugar  beet  culture  he  will  be  able  to  successfully 
grow  the  crop  with  the  rows  closer  together. 

The  exact  depth  depends  upon  the  condition  of  the  soil. 
The  seed  may  be  planted  at  a  greater  depth  in  the  sandy 
loam  soils  of  this  state  than  in  heavier  soils  commonly  found 
in  some  of  the  older  sugar  beet  sections.  It  is  essential  that 
the  seed  be  placed  in  moist  soil  to  promote  rapid  germination. 
If  the  immediate  surface  does  not  contain  sufficient  moisture 
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or  if  it  is  likely  to  dry  out  before  the  young  plant  becomes  es- 
tablished, the  seed  must  be  planted  at  a  greater  depth.  If  the 
seed  is  planted  too  deep  the  food  or  energy  contained  in  it 
will  be  expended  before  the  plant  reaches  the  surface.  Usu- 
ally it  is  not  advisable  to  plant  more  than  one  and  one-hfilf 
inches  deep.  Planting  at  a  uniform  depth  will  aid  in  getting 
an  even  start  of  the  young  seedlings.  Fields  having  a  uni- 
form growth  of  vigorous  plants  may  be  thinned  earlier  and 
the  amount  of  hand  labor  for  their  early  care  is  reduced. 

The  seed  is  commonly  planted  with  a  four  row  drill 
especially  adapted  for  this  crop.  The  soil  above  the  seed 
should  be  packed  sufficiently  to  establish  moisture  connec- 


Fig.  3.     Three  different  types  of  drills  ased  for  seeding  purposes. 

tions  with  the  soil  below  in  order  to  obtain  the  best  condi- 
tions for  immediate  germination.  The  beet  planter  both 
opens  a  furrow  to  recieve  the  seed  and  covers  the  seed  at 
the  same  time.  Several  different  methods  of  performing 
this  operation  are  possible  with  different  types  of  seeding 
machinery.  Three  of  these  types  are  illustrated  in  Fig.  3. 
The  one  shown  in  A  is  known  as  the  shoe  drill.  It  has 
a  closed  bottom  and  has  a  tendency  to  pack  the  soil  just  be- 
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neath  the  place  where  the  seed  is  dropped.  This  is  a  desir- 
able type  of  drill  on  sandy  loam  or  on  any  other  soil  that  is 
so  loose  that  it  needs  additional  packing.  The  one  shown  in 
B  is  known  as  the  disk  drill  and  is  extensively  used  for  seed- 
infT  different  kinds  of  grain  on  various  types  of  soil.  It  does 
better  work  than  any  other  on  land  that  contains  trash  and 
waste  material.  Lands  in  such  condition,  however,  should 
not  be  used  for  an  intensive  crop  like  sugar  beets.  The  one 
shown  in  C  is  known  as  the  hoe  drill.  It  has  a  tendency  to 
loosen  the  soil  on  land  that  has  been  packed  too  firmly.  It  is, 
however,  not  likely  that  the  sandy  loams  of  this  state  where 
sugar  beets  are  grown  will  be  too  firm. 

Another  attachment  should  immediately  follow  the 
planting  device  to  pack  the  soil  firmly  over  the  seed.  This 
may  consist  of  either  an  open  or  closed  wheel.  The  open 
wheel  has  the  advantage  of  firming  the  soil  from  the  sides 
of  the  seed  row,  leaving  it  less  firm  immediately  above.  This 
prevents  a  crust  from  forming  right  over  the  row  and  the 
small  seedlings  will  have  less  difficulty  in  emerging  from  the 
soil.  The  open  wheel  with  a  concave  surface  will  leave  the 
center  of  the  row  slightly  ridged  and  there  will  be  less  dan- 
ger of  covering  the  small  plants  at  the  time  of  the  first  cul- 
tivation. 

In  the  early  stages  of  the  industry  beet  planting  ma- 
chines are  commonly  furnished  and  the  planting  is  done  by 
the  beet  sugar  companies  who  contract  to  purchase  the  crop. 
Such  attention  given  by  the  company  insures  a  uniform 
method  of  planting  and  a  good  grade  of  work.  It  is  perhaps 
most  desirable  to  have  such  an  arrangement  while  the  grower 
is  inexperienced  in  growing  the  crop.  If  sugar  beet  produc- 
tiwi,  however,  becomes  permanent  in  the  cropping  system  of 
the  individual  farm  the  grower  should  doubtless  own  his  own 
planting  machinery.  He  will  thus  be  enabled  to  more  nearly 
control  the  time  of  seeding  his  crop  than  if  he  is  dependent 
upon  some  one  else  to  do  it.  The  importance  of  seeding  at 
the  proper  time  cannot  be  over-emphasized  because  of  the 
direct  effect  on  the  stand  and  yield.  The  rows  should  be  as 
nearly  straight  as  it  is  possible  to  make  them.  Straight  rows 
can  be  irrigated  more  easily  and  horse  cultivation  can  be  prac- 
ticed earlier  and  therefore  more  effectively. 
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THINNINO 

As  stated  previously  the  nature  of  the  beet  seed  to- 
gether with  the  importance  of  having  a  uniform  stand,  makes 
it  impossible  to  space  beets  properly  when  planted.  It  is, 
therefore,  necessary  as  soon  as  possible  after  all  of  the  plants 


Fig.  4.  An  Indication  of  Rare  Adaptibility.  Over  sized  sugar  beets 
may  lack  quality  and  cause  large  waste  in  topping,  but  they  cer^ 
tainly  are  an  indication  of  suitable  soil  and  climatic  conditions.  Eigh- 
teen pound  beets  were  quite  common  at  Sunnyside,  Washington,  fn 
1918  and  a  portion  of  one  field  produced  at  the  rate  of  forty  tons 
per  acre. 

are  up  and  most  of  them  have  developed  about  four  leaves  to 
do  the  required  thinning  in  order  to  space  them  at  the  ri^^t 
distance  in  the  rows.  This  work  requires  a  certain  amount  ot 
human  judgment  and  is  best  done  by  hand.    It  can  usually  be 
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handled  to  best  advantase  by  dividing  it  into  two  separate 
operations.. 

The  fiiBt  of  these,  called  blocking,  ia  performed  by  fol- 
lowing the  rows  with  a  sharp  hoe  and  cutting  oat  most  of 
the  beet  plants  in  the  row  leaving  <nil7  small  groups  or  Uocks 
of  plants  at  intervals  of  from  eight  to  twelve  inches.  Each 
one  of  these  bunches  will  eventually  be  represented  1^  one 
plant.  A  soil  in  good  state  of  fertiUty,  as  mdicated  by  pre- 
vious crop-producing  power  or  brought  about  by  fertilization 
for  this  crop,  will  support  more  plants  per  acre  than  one  less 
fertile  and  the  spacing  should  be  made  accordingly.  Beets 
spaced  too  wide  in  proportion  to  the  fertility  of  the  soil  either 
do  not  produce  a  maximum  yield  or  else  have  a  tendency  to 
grow  abnormally  large.  Such  large  beets  besides  running 
lower  in  the  percentage  or  sugar,  will  tare  very  heavily  when 
maketed.  The  lack  of  uniformity  in  the  size  and  distrbution 
of  plants  in  the  row  as  planted,  makes  it  unwise  to  adhere 
mathematically  to  a  definite  spacing  in  order  to  obtain  the 
most  desirable  stand.  This  is  the  main  reason  why  machines 
constructed  to  do  this  work  have  been  unsatisfactory.  A  re- 
sponsible workman  equipped  with  a  sharp  hoe  of  known  and 
sufficient  width,  should  space  very  accurately  and  can  cut  the 
complete  space  between  blocks  with  one  stroke. 

The  second  process  in  this  practice  of  thinning  con- 
sists of  eliminating  all  but  one  beet  in  each  block.  This  re- 
quires detailed  hand  labor,  and  is  best  accomplished  hy  pull- 
ing all  but  the  best  plant  in  each  block.  Thinning  must  be 
done  with  sufficient  care  to  prevent  more  than  one  beet  in 
any  bunch  because  in  common  with  all  other  root  crops  more 
than  one  plant  in  a  space  is  rarely  a  success.  In  case  a  field  is 
foul  with  weeds  it  will  be  necessary  for  the  worker  to  carry 
a- short-handled  hoe  or  weeder  with  him  at  the  time  tJiis 
work  is  done  in  order  that  thorough  and  complete  cultiva- 
tion can  be  given  the  plants  in  the  rows.  At  this  time,  it  is 
well  to  level  the  ground  or  even  hill  it  slightly  around  the 
plants.  This  will  make  it  much  easier  to  run  a  horse  culti- 
vator between  the  rows  in  the  early  stages  of  the  crop  with- 
out much  danger  of  covering  the  small  plants. 

The  value  of  proper  preparation  of  the  seed  bed  in 
the  spring  before  pUuiting  bears  repetition  here.    It  is  con- 
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servative  to  estimate  that  the  cost  of  thinnn?  a  weedy  field 
may  easily  be  twice  as  high  as  for  a  field  properly  prepared. 
When  it  is  taken  into  consideration  that  thinning  is  one  of 
the  most  tedious  and  expensive  operations  in  the  whole  sys- 
tem of  beet  cultivation,  the  importance  of  the  weed  problem 
becomes  very  apparent.  Whatever  the  conditions,  the  beet 
row  after  thinning  should  be  perfectly  clean.  The  thinned 
beets  will  look  sickly  and  wilted  for  a  short  period  after  the 
surrounding  plants  have  been  removed,  but  will  soon  take 
advantage  of  this  lesser  competition  for  plant  food  and  mois- 
ture ard  produce  stocky  healthy  plants. 

INTER-TILLAGE 

The  first  inter-tillage  should  be  given  before  thinning 
and  as  soon  as  the  plant  is  of  sufficient  sise  to  make  such 
cultivation  possible.  Under  best  conditions,  the  hoeing  given 
the  crop  at  the  time  of  thinning  is  practically  all  of  the  hand 
cultivation  required.  After  this  stage,  all  cultivation  is  done 
by  horse  power  and  should  be  frequent  so  that  all  beneficial 
results  depending  upon  this  practice  may  be  obtained.  Be- 
sides destroying  weeds,  proper  cultivation  will  form  a  mulch 
of  loose  soil  on  the  surface  that  will  prevent  the  rise  of  capil- 
lary water  and  in  that  way  conserve  the  moisture  in  the  soil 
and  retard  the  rise  of  alkali  salts  to  the  surface.  This  stir- 
ring of  the  soil  also  provides  for  the  aeration  so  necessary 
for  the  decomposition  of  manure,  crop  residues  and  other  or- 
ganic matter.  Without  this  aeration,  the  plant  food  stored 
up  in  these  organic  substances  would  not  become  soluble  and 
the  plants  would  suffer  for  want  of  a  sufficient  available  food 
supply.  This  applies  especially  to  the  element  nitrogen  so 
frequently  deficient  in  irrigated  soils. 

The  second  cultivation  should  be  given  immediately  af- 
ter the  plants  have  overcome  the  effects  of  thinning.  This 
cultivation  should  be  sufficiently  shallow  to  permit  working 
as  close  up  to  the  row  as  possible  without  danger  of  cover- 
ing the  plants.  There  is  not  much  danger  of  injuring  the 
root  system  of  the  plants  at  this  time  because  the  lateral 
roots  are  just  beginning  their  main  development.  In  subse- 
quent tillage,  it  must  be  bore  in  mind  that  these  lateral  roots 
extend  entirely  across  the  rows  before  the  small  beet  is  even 
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one  inch  in  diameter.  Since  these  laeral  roots  are  compara- 
tively near  the  surface  and  absorb  most  of  the  plant's  food 
supply,  any  cultivatiion  that  is  deeper  than  necessary  to  form 
a  good  mulch  may  be  decidedly  injurious.  Stirring:  the  soil 
to  a  depth  of  three  to  four  inches  will  generally  accomplish 
everything  required  for  good  cultivation,  and  will  permit  the 
moisture  to  come  sufficiently  close  to  the  surface  to  aid  in 
the  decomposition  of  manure  and  other  organic  matter  found 
there. 

The  field  should  be  cultivated  as  soon  as  possible  after 
'  every  irrigation  in  order  to  conserve  the  moisture,  but  this 
amount  of  cultivation  is  not  at  all  sufficient  to  accomplish  all 
of  the  other  results  depending  on  this  operation.  For  in- 
stance, there  were  splendid  beets  grown  in  the  Yakima  Val- 
ley in  the  season  of  1918  on  land  that  was  sufficiently  sub- 
irrigated  not  to  necessitate  the  direct  application  of  irrigation 
water.  Prom  the  standpoint  of  moisture,  these  plants  would 
not  need  any  cultivation.  Nevertheless,  experience  with  otlier 
cuUivated  crops  has  convinced  most  farmers  tha*.  weeds  are 
most  easily  killed  before  they  ever  appear  above  the  ground, 
and  that  in  order  to  avoid  their  appearance,  it  becomes  neces- 
sary to  till  the  soil  once  every  ten  or  twelve  days  during  the 
early  growing  stages  of  the  plants.  As  stated  above,  frequent 
cultivation  is  necessary  to  stimulate  the  development  of  avail- 
able plant  food  even  if  there  are  no  weeds  to  kill- 
About  the  time  that  the  plants  are  sufficiently  large 
to  have  their  tops  nearly  cover  the  ground,  the  cultivaotr 
should  be  so  adjusted,  if  possible,  to  till  shallower  near  the 
row  than  in  the  middle.  Such  adjustments  prevent  unneces- 
sary injury  to  the  lateral  rooots  near  the  row  where  they 
are  close  to  the  surface.  At  the  same  time  thorough  culti- 
vation is  provided  between  the  rows  where  the  ground  is 
not  covered  by  the  beet  foliage  and  where  weeds  consequent- 
ly have  a  greater  tendency  to  grow. 

The  normal  beet  grows  almost  entirely  in  the  ground 
and  will  not  stand  much  hilling.  This  fact  makes  it  quite 
difficult  to  cover  up  by  cultivation  all  weeds  that  get  started 
in  the  row,  and  therefore  it  may  become  necessary  to  run 
through  the  field  with  a  hoe  for  the  purpose  of  cutting  out 
those  str^gling  weeds  before  they  become  sufficiently  large 
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to  draw  very  heavily  on  the  moisture  and  plant  food  supiity. 
The  cultivatii^  in^ilements  used  for  this  work  are  frequent- 
ly supplied  by  the  company  contracting  for  the  beets,  but 
unless  the  area  grown  is  decidedly  small,  every  grower  should 
plan  on  having  his  own  equipment  in  order  that  the  most 
timely  tillage  m^  be  practiced. 

llie  implements  used  should  conform  to  the  seed  dnll 
in  that  a  four-row  drill  is  best  followed  by  a  four-row  culti- 
vator. By  tilling  the  same  four  rows  together  that  were 
planted  together,  it  is  possible  to  work  nearly  as  close  up 
taking  four  rows  at  a  time  as  would  be  possible  with  a  one- 
row  implement.  All  possible  injury  to  the  main  tap  root 
should  be  avoided  because  such  injury  will  generally  cause 
the  plant  to  make  an  abnormal  root  developm«it  detrimental 
to  the  best  quality  for  sugar  production, 

IRBIGATtON 

Any  system  of  farming  that  includes  the  growing  of 
intensive  crops  should  be  carried  on  under  conditions  where 
most  of  the  factors  essential  for  plant  growth  are  tilmost  ab- 
solutely under  control.  Of  all  the  controllable  factors  that 
limit  crop  production,  the  proper  amount  and  supply  of  mois- 
ture is  perhaps  most  important,  for  ordinarily  if  a  plant  re- 
ceives the  right  amount  of  water  at  the  proper  time  during 
the  growing  season,  reasonably  satisfactory  results  are  as- 
sured. 

Irrigation,  when  correctiy  pnicticed,  will  be  effective 
in  supplying  to  a  plant  the  proper  amount  of  water  at  the 
right  time.  To  be  an  efficient  irrigator,  one  must  thoroughly 
understand  the  nature  of  plant  life,  and  also  the  action  of 
water  after  it  is  applied  to  the  soil.  [Variations  in  soil  tex- 
ture have  a  direct  effect  upon  the  amount  of  water  a  soil  will 
hold,  upon  the  rapidity  with  which  moisture  will  distribute 
itself  after  applied  and  also  upon  the  percentage  of  moisture 
in  the  soil  that  is  available  for  plant  use. 

The  following  di^n*am,  based  on  data  obtained  in  irri- 
gation work  at  Grandview,  Washington,  will  give  a  definite 
idea  of  just  how  the  water  will  travel  through  the  soil,  and 
also  the  length  of  time  that  it  takes  for  this  j 


,:,:kv,  Google 


[5 

t ! 

5i 

^ 

5^ 

! 

/ 

/{ 

^ 

^ 

'-^ 

I 

/ 

\N 

\ 

^ 

^ 

-*< 

/ 

/ 

/ 

\ 

\ 

^ 

~~~- 

>. 

7 

/ 

\ 

/V 

_— - 

F^.  6.  Tbe  Distrilmtion  of  Irr^tion  Water  in  Soil  at  Grandview, 
Wuhii^toii-  Tba  dlatribntcm  of  water  is  affected  by  various  soil  coa- 
ditions  and  consequently  Is  not  tbe  same  for  all  soils.  Intelligent 
irrigation  requires  a  knowled^  of  this  dlstribation  such  as  can  be 
obtaned  only  by  frequent  but  consistent  use  of  the  soil  auger. 

Plants  alao  have  their  variation  in  total  water  require- 
ments as  well  as  in  the  effects  of  this  water  when  applied 
at  different  stag^es  of  plant  development.  Table  I.  submitted 
herewith  s^ves  the  definite  amount  of  water  transpired  by 
various  plants  for  the  production  of  one  t>ound  of  dry  matter 

TABLE  I. 
The  Amount  of  Water  Transpired  by  Various  Plants  under  Condi- 
tions at  Pullman,  Washington 


M 

1 W- 

1  'If 

sua 

#1 

Crop 

Yield 

Wheat 

60  bus. 

9000  lbs. 

!  S280  lbs. 

361  lbs. 

13.17  Ins. 

Oats 

90    " 

7200    " 

1  6624    " 

MS    " 

10.06 

Bariey 

75    ■' 

9000    " 

1  8280    " 

320    •■ 

Com 

11200    " 

!  10080    ■' 

249    " 

11.05 

Peas 

36    " 

6300     » 

]  B796    " 

420    " 

10.73 

Millet 

3  tons 

6000     " 

1  5400    " 

279    " 

6.64 

20    " 

iOOOO     " 

10000    " 

436    " 

19.22 

Beans 

30  bus. 

*Bul.  146.  Wash.  Exp.  Sta. 
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as  found  under  climatic  conditions  prevailing  in  the  Palouse 
region  of  Eastern  Washington.  These  also  show  the  amount 
of  water  that  would  be  required  for  transpiration  in  the  form 
of  acre  inches  to  grow  what  would  be  considered  a  normal 
yield  of  these  crops. 

Sugar  beets  are  an  intensive  crop  and  require  not  only 
a  large  expenditure  in  labor,  but  also  heavy  irrigation.  As 
stated  before  they  grow  best  on  sandy  loam  soils  and  these 
soils  are  especially  well  suited  for  irrigation.  This  fact,  to- 
gether with  its  favorable  climate,  makes  Washington  well 
adapted  to  the  growth  of  this  crop.  Since  most  of  the  natural 
precipitation  in  the  State  occurs  in  the  winter  season,  there 
is  generally  sufficient  moisture  in  the  soil  during  the  spring 
time  to  promote  good  germination.  On  the  other  hand,  the 
soil  is  an  enormous  reservoir  and  can  hold  large  quantities 
of  water  if  completely  saturated.  This  fact  makes  it  desir- 
able to  apply  heavy  irrigation  during  the  late  winter  or  early 
spring  when  water  is  plentiful  and  when  the  preceeding  crop 
was  not  irrigated  late  in  the  summer. 

Water  applied  during  the  cool  portion  of  the  year  is  not 
lost  to  any  extent  by  evaporation,  but  will  soak  into  the  soil 
to  a  depth  of  eight  to  ten  feet  to  be  held  there  for  use  during 
the  growing  season.  Practices  of  winter  irrigation  will  also 
tend  to  avoid  the  development  of  a  hard  pan  close  to  the  sur- 
face, a  condition  so  common  in  some  of  the  older  irrigated  sec- 
tions. This  hard  pan  is  generally  formed  at  a  depth  in  the  soil 
to  which  the  water  has  penetrated  after  continued  irrigations. 
If  these  irrigations  are  light  and  consequently  frequent,  this 
hard  pan  will  develop  so  close  to  the  surface  and  become  suffi- 
ciently impervious  that  it  will  interfere  with  the  normal  de- 
velopment of  plant  life.  A  thorough  winter  irrigation  to- 
gether with  the  natural  precipitation  should  leave  the  soil  in 
splendid  condition  for  the  germination  of  seeds  early  in  the 
spring.  If  this  irrigation  is  necessary  the  water  should  be 
applied  sufficiently  early  to  give  the  farmer  at  least  three  or 
four  weeks'  time  to  cultivate  his  soil  by  disking  before  the 
beet  seed  is  planted. 

In  cases  where  there  is  every  evidence  that  the  mois- 
ture at  planting  time  is  not  sufficient  for  proper  and  uni- 
form germination,  irrigation  water  may  be  applied  either 
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before  or  ri^ht  after  the  seed  is  planted.  Unless  the  soil  is 
very  porous  the  field  should  never  be  flooded,  but  the  water 
should  be  applied  in  furrows  between  alternate  rows. 

The  desirability  of  having  a  field  well  leveled  becomes 
very  evident  when  grown  to  this  crop,  and  under  no  condi- 
tions should  sugar  beet  culture  be  attempted  on  land  that  is 
not  sufficiently  graded  to  permit  the  uniform  flow  of  water. 
An  elevation  of  the  surface  which  causes  the  water  to  become 
retarded  in  its  flow  will  produce  an  area  immediately  above 
this  elevation  where  the  soil  will  become  water-logged  and 
unsuited  for  the  growth  of  this  crop.  Several  beet  areas  in 
the  Yakima  Valley  that  produced  a  crop  which  averaged 
twenty  tons  per  acre  during  the  1918  season  showed  spots  of 
from  one-fourth  to  one-half  acre  in  extent  where  the  crop 
was  completely  drowned  out.  This  was  the  direct  result  of 
the  necessity  of  applying  large  quantities  of  water  at  such 
points  in  order  that  the  water  might  rise  sufficiently  to  flow 
to  the  lower  portion  of  the  field.  A  loss  of  from  fifty  to  one 
hundred  dollars  in  crops,  resulted  from  the  failure  of  such 
areas.  The  labor  lost  by  attempting  to  grow  a  crop  under 
these  extremely  adverse  conditions  was  generally  sufficient 
to  do  the  leveling  necessary  for  its  prevention. 

The  best  irrigation  for  all  crops,  and  especially  for 
sugar  beets,  should  be  so  gauged  that  the  water  will  not  run 
into  any  furrow  faster  than  it  can  be  taken  up,  but  suffi- 
ciently fast  to  avoid  over  irrigating  the  upper  portion  of  the 
field  before  the  lower  portion  is  satisfied.  The  length  of 
the  furrow  should  be  determined  by  the  texture  of  the  soil. 
On  very  porous  soils  the  irrigation  furrows  should  therefore 
be  comparatively  short.  On  less  porous  soils  there  is  danger 
of  an  accumulation  of  water  at  the  lower  end  of  the  furrow. 
If  this  condition  cannot  be  avoided  by  proper  regulation  at 
the  source,  provision  for  drainage  must  be  made  at  the  lower 
end  of  the  furrow  to  carry  away  all  excess  water.  This  will 
prevent  the  lower  ends  of  the  rows  from  being  drowned  out 
—a  condition  too  commonly  found. 

All  irrigated  lands  in  this  state  conUiin  sodium  and 
potassium  salts  in  abundance.  These  salts  are  all  soluble  and 
a  liberal  supply  of  water  will  dissolve  large  quantities,  thus 
forming  a  dilute  solution  in  the  soil.    After  evaporation  and 
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transpiration  have  proceeded  for  some  time,  and  the  mois- 
ture supply  becomes  diminished,  the  tendency  is  for  this 
solution  to  become  very  concentrated.  If  the  next  irrigation 
is  much  delayed  this  concentration  may  reach  a  degree  suffi- 
ciently high  to  prevent  the  normal  functioning  of  the  roots 
and  cause  an  abnormally  wilted  appearance  of  the  plant  and 
a  condition  of  little  growth.  The  destnictiveness  of  these 
salts  is  rarely  serious  if  they  are  not  allowed  to  accumulate 
at  or  near  the  surface.  There  is  a  tendency,  however,  for 
this  to  occur,  and  it  is  well  to  understand  fully  the  action  of 
soil  water  in  order  to  avoid  such  losses  in  crops  as  were  ex- 
perienced in  the  1918  season. 


Fig.  6.  The  Results  of  Improper  IiTigation.  To  prevent  beets  from 
drowning  out  at  the  lower  ends  of  the  furrows  the  water  must  be 
regulated  properly  at  the  source.  If  this  is  impossible  surface  drain- 
age must  be  provided  at  the  lower  end  of  the  field. 

Before  irrigation  was  provided  for  these  arid  soils,  the 
natural  precipitation  did  not  penetrate  more  than  several 
inches,  and  very  small  quantities  of  the  salts  were  dissolved, 
and  consequently  there  was  comparatively  little  alkali  found 
deposited  on  the  surface  of  these  soils  in  their  virgin  state. 
Irrigation  water,  however,  acts  quite  differently,  and  when  it 
is  applied  it  passes  downward  through  the  soil  rapidly  and  to 
a  considerable  depth.    It  is  prevented  from  remaining  in  con- 
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tact  with  any  portion  of  the  soil  long  enough  to  dissolve  much 
of  the  salt  present.  It  is  extremely  difriciilt,  therefore,  to 
wash  alkali  that  has  once  become  dei>osited  upon  the  surface 
back  into  the  soil  without  resorting  to  flooding.  In  contrast, 
bowerer,  after  the  water  has  reached  its  maximum  depth  in 
the  soil  and  during  the  interval  between  irrigations,  it  gradu- 
ally works  its  way  back  to  the  surface.  This  upward  move- 
ment is  very  slow,  and  the  result  is  that  large  amounts  of 
these  salts  in  the  soil  are  dissolved  so  that  this  water  becomes 
very  neariy  saturated  as  it  nears  the  surface.  If  no  provision 
is  made  in  the  formation  of  mulch  by  cultivation,  this  so- 
lution will  reach  the  surface  and  the  water  will  be  evaporated 


Fi?.  7.  The  Survival  of  the  fittest.  Sugar  beets  can  withstand  lai^e 
unoants  of  alkali  in  the  soil  but  they  also  have  their  limitations' 
Salt  grass,  an  alkali  loving  plant  is  gradually  creeping  into  a  field 
where  the  alkali  was  too  strong  for  the  growth  of  beets. 

leaving  the  salts  behind  in  a  white  or  dark  brown  deposit,  de- 
pending upon  whether  it  is  white  or  black  alkali.  This  con- 
dition is  produced  most  frequently  where  the  irrigator  Iws  not 
yet  appreciated  that  water  cannot  be  substituted  for  culti- 
vation but  that  the  two  must  go  hand-in-hand  for  the  beat 
results.  It  was  found  with  but  few  exceptions  that  the 
patchiness  caused  by  missing  beets  on  well  leveled  fields  in 
the  Yakima  Valley  during  the  1918  season  could  in  large 
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part  be  traced  to  the  fact  that  alkali  was  allowed  to  accumu- 
late on  the  surface  as  the  result  of  lack  of  timely  cultiva- 
tion. This  condition  prevailed  in  spite  of  the  fact  that  sugar 
beets  are  possibly  less  sensitive  to  alkali  than  most  agricul- 
tural plants  not  excluding  such  resistant  crops  as  alfalfa  and 
barley. 

It  is  generally  conceded  that  a  sugar  beet  will  not 
withstand  more  than  from  .4%  to  .6%  of  total  alkali  salts, 
nor  more  than  .1%  to  .2%  of  black  alkali.  There  is,  how- 
ever, no  general  rule  that  can  be  applied  to  all  conditions 
because  of  the  many  factors  that  effect  the  action  of  these 
alkali  salts.  Young  plants  of  even  very  resistant  crops  and 
also  those  plants  that  are  shallow-rooted  are  most  sensitive 
because  the  greatest  concentration  of  salt  is  found  near  the 
surface  where  the  main  portion  of  their  root  system  is  e? 
tablished.  Extreme  care  must  be  exercised  in  starting  any 
crop  on  alkali  land  in  that  an  attempt  should  be  made  to  dis- 
tribute these  salts  through  a  considerable  layer  of  soil  early 
in  the  season.  A  very  high  percentage  of  alkali  on  the  sur- 
face may  even  prevent  the  seed  from  germinating. 

The  distribution  of  alkali  referred  to  may  be  accom- 
plished by  flooding  during  the  winter  and  subsequent  tillage 
early  in  the  spring.  Coarse  textured  soils  like  sand  or  sandy 
loams  will  not  hold,  without  detrimental  results,  as  high  a 
percentage  of  alkali  as  those  of  finer  texture  like  clay  loam 
or  soils  containing  considerable  organic  matter.  This  is  one 
reason  why  alkali  soils  that  have  been  manured  or  those  that 
have  been  cropped  to  alfalfa  for  several  years  are  decidedly 
benefited. 

The  black  alkali  is  much  more  destructive  than  the 
white  because  the  former  has  a  caustic  action  which  will 
dissolve  organic  matter  and  cause  the  roots  of  plants  to  be- 
come corroded  while  the  latter  has  only  a  physical  effect  in 
causing  a  concentration  in  the  soil  solution  to  the  extent  that 
plants  cannot  take  up  the  moisture  necessary  for  growth. 

The  methods  used  for  the  application  of  water  up  to 
the  time  of  planting  this  crop  are  practically  the  same  as  for 
other  crops  with  such  exceptions  as  are  covered  under  the 
heading  "Preparation  of  Seed  Bed."  The  preceeding  discussion 
under  this  heading  should  convince  the  grower  against  the 
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practice  of  flooding  a  field  planted  to  this  or  any  other  culti- 
vated crop  except  on  extremely  porous  soils  where  the  bor- 
der system  of  irrigation  may  be  resorted  to.  Irrigation  by 
flooding  makes  it  imposisble  to  properly  maintain  the  mulch 
so  necessary  for  the  conservation  of  moisture  and  may  cause 
the  plants  to  be  effected  by  sunscald  as  a  result  of  too  much 
water  on  the  ground  near  the  leaves.  The  set  back  thus 
caused  may  be  very  disastrous  to  the  yield. 

All  irrigation  for  this  crop  should  preferably  be  by  the 
furrow  system.  The  furrows  should  be  run  between  alternate 
rows  when  the  rows  are  about  twenty  inches  apart  because 
the  soils  in  this  state  are  sufficiently  porous  to  permit  good 
distribution  of  water  at  this  distance.  This,  together  with 
the  practice  of  making  the  furrows  as  narrow  and  as  deep  as 
the  width  of  the  row  and  the  texture  of  the  soil  will  permit, 
will  be  very  effective  in  producing  the  moat  rapid  percolation 
with  the  least  loss  by  evaporation. 

The  furrows  for  the  next  irrigation  should  be  alter- 
nated with  those  of  the  one  preceding  it,  Sandy  loam  soils 
are  inclined  to  wash  if  the  current  of  water  is  too  rapid,  and 
if  possible  the  location  of  the  beet  rows  should  be  such  as  to 
permit  a  furrow  with  a  gradual  slope  that  will  develop  a 
flow  of  water  about  one  to  one  and  one-half  feet  per  second. 

The  beet  roots  will  penetrate  the  soil  to  a  considerable 
depth,  depending  upon  the  physical  condition  and  the  mois- 
ture supply  of  the  sub-soil.  It  is  therefore  more  important 
to  supply  water  in  sufficient  quantities  to  allow  it  to  pene- 
trate to  a  depth  of  four  or  five  feet  after  each  irrigation  than 
to  irrigate  more  frequently  to  lesser  depths.  The  depth  to 
which  water  has  penetrated  should  be  known  and  this  as  well 
as  the  time  required  for  such  penetration  can  best  be  determ- 
ined by  borings  made  with  a  soil  or  post-hole  auger. 

The  frequency  of  irrigation  is  best  governed  by  the  ef- 
fect on  the  plant  which  will  soon  present  a  wilted  appearance 
if  the  moisture  supply  is  insufficient.  It  is,  of  course,  common 
to  all  plants  to  appear  wilted  for  short  periods  during  the  hot- 
test part  of  a  real  warm  summer  day,  and  this  condition 
should  not  be  considered  serious.  If,  however,  the  plants  do 
not  freshen  up  during  the  night,  it  is  high  time  for  the  ap- 
plication of  more  water  because  normal  growth  cannot  take 
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place  under  these  conditions.  Extended  periods  of  lack  of 
proper  moisture  will  cause  a  decided  setback  and  when  water 
is  finally  applied  an  abnormal  development  of  the  plant  m^ 
result.  This  abnoi^nal  development  presents  itself  in  the 
growth  of  a  large  number  of  small  new  leaves  in  a  resetted  ar- 
rangement on  the  crown,  and  in  the  formation  of  a  divided 
tap  root  with  large  masses  of  secondary  roots.  Not  only 
drougth,  but  alkali  injury,  disease,  insect  pests,  etc.,  may 


Fig.  8.  Quality  and  Yield  of  Sugar  Beets  Geoerallr  go  Hand  in  Hand. 
Any  set  back  to  the  growing  beets  caused  by  excess  alkali,  impropmr 
water  supply,  severe  insect  injury  or  disease  affects  both  yield  and 
quality.  In  Nature's  attempt  to  overcome  sucb  set  backs,  a  divided 
tap  root  and  a  rosetted  top  as  Indicated  by  tbe  beet  on  the  right, 
generally  result. 

hnnH  about  a  similar  second  growth  which  is  not  only  detri- 
mental to  the  yield  of  beets,  but  to  their  quality  as  well. 

Where  the  soil  is  well  supplied  with  moisture  in  the 
spring  there  is  little  need  of  irr^ation  before  July.     The 
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beet  makes  its  most  rapid  growth  during  Jvdy,  Ai^iust  and 
the  early  part  of  September.  The  large  foliage  developed 
during  this  period  will  draw  very  heavily  oa  the  moisture 
supply.  Possibly  80  per  cent  of  the  total  moisture  require*) 
for  the  development  of  the  plant  is  used  during  this  period. 
Notwithstanding  this  fact,  however,  the  plant  should  never 
be  eillowed  to  suffer  for  want  of  water  during  its  early  stages 
of  growth.  The  last  irrigation  of  the  season  is  also  governed 
by  the  demands  of  the  crop.  The  largest  tonn^e  as  well  aa 
the  greatest  amount  of  sugar  per  acre  is  produced  under  con- 
ditions in  which  the  plant  has  sufficient  water  during  tin 
latter  part  of  the  season.  Intentionally  withholding  the 
water  to  cause  early  maturity,  therefore  lowers  the  jitAA 
and  is  not  to  be  recommended.  Conditions  arb  known  where 
irrigation  water  was  applied  with  good  results  even  as  late 
as  ten  days  before  harvest.  More  than  four  irrigations  are 
rarely  necessary  and  under  proper  management  and  good  soil 
conditions  two  may  be  sufficient.  It  is  difficult  to  state  de^- 
itely  how  many  acre  inches  of  water  should  be  applied  be- 
cause of  variations  in  soil  texture,  in  per  cent  stand,  etc.,  but 
the  amount  applied  each  time  should  be  sufficient  to  fill  th^ 
soil  to  its  full  capillary  capacity.  The  fact  should  always  De 
home  in  mind  that  there  is  a  limit  beyond  which  water  can- 
not be  applied  economically  even  though  a  slight  increase  in 
yield  may  be  produced.  The  cost  of  the  water  together  with 
the  expense  involved  in  its  application  may  be  more  than 
such  increase  in  yield  will  justify. 

HAEVESTING 

Since  the  beet  makes  the  major  part  of  its  growth  in 
the  later  part  of  the  growing  season,  harvesting  should  be  dp 
layed  until  late  fall  when  the  crop  has  reached  its  full  size. 
The  proper  stage  for  harvesting  is  usually  accompanied  by 
the  appearance  of  a  yellowish  or  brownish  tinge  on  the  leaves 
and  a  general  drooping  condition.  The  fact  that  less  dirt  is 
retained  on  the  root  when  pulled  is  a  farther  indication  of 
maturity.  It  is  difficult  to  transmit  exact  information  con- 
cerning the  way  the  crop  should  appear  at  the  time  it  is 
ready  for  harvest  by  a  description  of  its  characteristics  at 
that   time.     Persons  familiar  with  other  farm  crops  know 
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that  information  concerning  maturity  can  only  be  obtained 
by  experience  in  the  Held.  For  this  anA  other  reasons  that 
are  beneficial  to  the  entire  industry  the  sugar  companies  that 
contract  with  the  grower  generally  decide  when  the  crop  is 
ready  to  harvest. 

A  beet  lifter  is  used  to  loosen  the  roots  in  the  soil,  af- 
ter which  they  may  be  removed  by  hand.  The  machine  most 
commonly  used  has  two  prongs  and  when  in  operation  these 
are  drawn  through  the  soil  one  on  each  side  of  the  row.  Tliey 
run  deep  enough  to  loosen  the  beets  and  are  inclined  suffic- 
iently to  raise  them  partly  out  of  the  ground.  -The  value  of 
having  the  beets  in  straight  rows  again  becomes  apparent. 
The  driver  shcfuld  operate  the  machine  with  as  much  care  as 
possible  so  as  to  prevent  bruising,  or  breaking  the  tap-roots 
too  near  the  body  of  the  beet.  Bruises  and  other  injuries  that 
the  beet  may  receive  are  likely  to  cause  losses  by  rotting 
and  by  decreased  weight  due  to  more  rapid  evaporation  at 
the  point  of  injury. 

After  pulling  the  beets  a  hand  knife  is  commonly 
used  to  remove  the  tops.  A  prong  or  pointed  spike  pro- 
trudes from  the  edge  of  the  knife  at  the  end  of  the  blade. 
This  spike  is  set  nearly  at  right  angles  to  the  edge  of  the 
knife  and  is  used  in  picking  up  the  beet  from  the  ground. 
The  person  doing  the  topping  is  thus  relieved  of  a  lai^^ 
amount  of  stooping  that  would  otherwise  be  necessary.  The 
injury  due  to  the  use  of  this  knife  may  be  reduced  by  run- 
ning the  spike  into  the  crown  instead  of  the  beet  proper.  The 
leaves  and  green  portion  of  the  crown  should  be  removed 
together  and  at  the  location  of  the  lower  leaf  scars.  The 
crowns  contain  a  comparatively  large  amount  of  mineral  mat- 
ter, and  if  not  removed  from  the  beet,  this  material  becomes 
objectionable  in  the  process  of  extracting  and  purifying  the 
sugar.  The  crowns  as  well  as  the  leaves  make  valuable  feed 
for  live  stock  and  should  be  retained  for  feed  in  order  that 
they  may  be  used  most  economically. 

The  beets  from  several  rows  are  thrown  together  in 
piles  either  before  or  after  the  tops  are  removed.  If  they  are 
not  hauled  immediately  they  should  be  covered  with  tops  to 
prevent  evaporation  and  frost  injury.    Excessive  evaporation 
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decreases  the  weight  and  adds  to  the  difficulty  of  extracting 
the  suear. 

Beet  toppers  both  as  separate  machines  and  as  inexpen- 
sive attachments  to  pullers  are  rapidly  reaching;  perfection. 
At  the  present  time  there  are  several  machines  on  the  market 
that  are  doing  very  satisfactory  and  efficient  work.  When 
these  toppers  become  sufficiently  perfected  to  come  into  gen- 
eral use  much  of  the  tedious  hand  labor  will  be  eliminated. 

To  market  the  crop  the  beets  are  loaded  into  wagons  by 
hand  or  with  a  blunt  tined  fork.  Kme  can  be  saved  by  load- 
ing small  beets  with  a  fork.  The  crop  is  hauled  either  direct- 
ly to  the  factory  or  delivered  at  the  railroad  station  and  load- 
ed into  cars.  The  beets  should  be  fairly  free  from  dirt  or  ex- 
cess portion  of  the  root  crown  when  delivered  to  the  sugar 
company.  Both  dirt  and  excess  portions  of  crown  increase 
labor  costs  in  handling  the  crop,  and  their  weight  is  deducted 
from  the  gross  weight  of  the  crop  when  delivered. 

BY-PRODUOTS 

The  by-products  of  the  sugar  beet.crop  are  the  tops  and 
pulp.  The  tops  are  removed  in  the  field  and  need  not  be 
taken  from  the  farm.  They  consist  of  the  leaves  and  root 
crowns  and  make  a  valuable  feed  for  livestock.  They  contair 
a  high  per  cent  of  moisture  and  are  usually  difficult  to  cure 
at  the  time  of  the  year  the  beet  crop  is  harvested.  For  this 
reason  they  are  not  suited  for  a  commercial  product  and  can 
be  most  economically  used  when  fed  on  the  farm  on  which 
they  were  produced. 

It  is  common  practice  to  feed  the  beet  tops  by  past- 
uring the  field  with  sheep  or  cattle.  If  the  grower  of  the 
beet  crop  does  not  have  sufficient  live  stock  to  utilize  them, 
he  usually  can  sell  these  tops  to  sheep  men.  The  acre  value 
of  a  field  of  beet  tops  varies  with  the  yield  per  acre  of  the 
crop.  One  ton  of  marketable  beets  will  produce  about  one- 
half  ton  of  tops.  Their  feed  value  when  pastured  is  often 
considered  equal  to  that  of  the  last  crop  of  filfalfa  which  is 
not  far  enough  advanced  to  cut  as  hay  at  the  end  of  the 
growing  season.  If  they  are  fed  in  the  field  little  of  the  fer- 
tilizing elements  of  the  crop  will  be  lost  as  the  resulting 
manure  will  be  left  on  the  land.    Unless  special  care  is  taken 
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so  that  the  field  will  not  be  pastured  when  too  wet,  many 
of  the  tops  will  be  trampled  into  the  ground.  An  exoesaive 
amount  of  soil  adhering  to  the  topa  may  be  consumed  while 
pasturing  and  will  cause  detrimental  results  to  live  stock. 
It  is  desirable  to  feed  directly  from  the  field  as  many  of  the 
tops  as  can  be  used,  to  a  good  advantage.  Best  results  are 
not  obtained  and  there  is  considerable  danger  to  the  animals 
fed  when  beet  tops  compose  the  entire  ration.  They  are  de- 
cidedly unsatisfactory  as  a  feed  for  horses.  Those  tops  which 
cannot  be  fed  within  a  reasonable  time  may  be  stored  and 
fed  later.    They  can  be  stored  to  the  best  advantage  when 


Fig.  9.  The  Gleaners.  Large  flocks  of  sheep  brought  in  from  the 
BUininer  range  can  be  ecoaomlcally  fed  on  a  ration  composed  largely 
of  alfalfa  and  beet  tops  pasture.     It  is  a  good  feed  and  this  is  a 

Erofitable  way  to  utilize  it  if  fed  with  care.     Feeding  mouldy  tops 
1  dangerous,  to  the  life  of  the  animal  but  fresh  tops  fed  to  excess 
will  also  give  unsatisfactory  results. 

placed  in  the  silo.  If  an  upright  silo  is  not  available  for  their 
storage,  they  may  be  placed  to  good  advantage  in  a  horizon- 
tal one.  In  either  case  layers  of  tops  have  often  been  altern- 
ated with  thin  layers  of  straw  or  the  two  materials  have  been 
mixed  together.  More  straw  should  never  be  used  than  is 
absolutely  necessary  to  absorb  the  excess  moisture  in  the 
tops.  A  larger  amount  may  prevent  sufficient  packing  of  the 
silage  to  exclude  the  air  and  a  mouldy  product  results. 
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The  horizontal  silo  is  constructed  by  digging  a  trench 
three  to  six  feet  deep,  ten  to  fifteen  feet  wide,  and  of  suf- 
ficient length  to  accommodate  tiie  quantity  of  tops  to  be 
placed  in  stora^.  It  is  desirable  to  line  the  trench  with  straw 
to  prevent  wastajre  of  the  tops  which  would  otherwise  come 
in  contact  with  the  fijound.  The  tops  free  from  all  soil  that 
can  be  shaken  off  are  thrown  into  this  trench  directly  from 
the  wagon  and  packed  firmly  by  driving  over  them.  After 
the  tops  are  all  placed  in  the  trench  they  should  be  covered 
first  with  a  thin  layer  of  straw  and  then  with  either  a  layer 
of  manure,  or  sugar  beet  pulp.  The  silo  should  not  be  dis- 
turbed for  a  period  of  several  weeks  after  which  feeding  may 
commence.  The  trench  may  be  opened  at  one  end  and  the 
tops  used  up  as  rapidly  as  is  consistent  with  good  feeding 
practice.  The  proper  storage  of  the  tops  and  their  value  as 
a  feed  has  not  been  definitely  determined.  This  subject  re- 
quires further  investigation  before  details  pertaining  to  their 
utilization  can  be  authoratively  presented. 

The  beet  pulp  is  a  more  valuable  by-product  of  the 
sugar  beet  crop  than  the  tops.  It  conssts  of  the  remainder  of 
the  beet  after  the  sugar  is  extrewted,  and  contuns  a  high  per 
cent  of  moisture  in  its  original  form.  The  wet  pulp  may  be 
used  immediately  or  it  can  be  stored  in  a  silo  and  kept  indefi- 
nitely. Because  of  its  bulkiness  it  is  only  practical  to  use  the 
wet  pulp  within  close  range  of  the  beet  sugar  factory. 

The  wet  pulp  may  be  dried  out  in  which  form  it  does 
not  readily  deteriorate  and  is  used  as  a  commercial  product. 
Before  feeding,  it  should  he  soaked  in  water  until  it  absorbs 
two  or  three  times  its  weight.  Beet  pulp  when  fed  to  live 
stock  should  be  used  with  discretion  and  best  results  are  ob- 
tained when  used  in  such  combination  with  other  feeds  as  to 
furnish  the  succulence  necessary  for  a  good  ration. 

The  value  of  sugar  beet  tops  and  beet  pulp  can  be 
shown  to  advantage  by  comparing  them  with  other  standard 
feeds.  The  following  table  compiled  from  Feeds  and  Feeding 
by  Henry  and  Morrison  gives  the  total  dry  matter  and  the  di- 
gestible crude  protein,  carbonhydrates  and  fat  in  100  pounds 
of  the  material. 

A  field  of  beet  leaves  and  tops  when  returned  to  the 
soil  will  have  about  the  same  benefiicial  effect  on  the  physical 
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condition  of  the  soil  as  a  green  manuring  crop  grown  for  that 
purpose.  Much  of  this  value  ia  lost  if  the  crop  is  fed  to  live 
stock  even  though  the  manure  produced  is  returned  to  the 
land.  About  two-thirds  of  the  organic  matter  of  a  feed  is  de- 
stroyed in  the  process  of  digestion.  This  organic  matter  if  re- 
turned to  the  soil  would  tend  to  maintain  the  humus  supply 
and  since  sandy  soils  are  generally  deiicient  in  humus  this 
means  of  utilizing  the  product  should  be  thoroughly  consid- 
ered. 

TABLE  II. 


§11 

5-a 

Digestible  nutrienta 

in  100  Iba. 

Crop 

•^9 
II 

^9 

1? 

? 

5"     ■ 

II 

5 

Sugar  beet  tops 

11.4 

1.7 

6.4 

0.1 

7.3 

1:S.8 

Sugar  beet  leaves 

11.6 

1.2 

6.8 

0.1 

7.7 

1:6.4 

Corn  fodder 

(kernels  glazed) 

26.2 

1.1 

15.8 

0.4 

17.8 

1:1B.S 

Beet  pulp  (wet) 

9.3 

0.5 

6.5 

0.2 

7.4 

1:1S.8 

Beet  pulp  (dry) 

91.8 

4.6 

66.2 

0.8 

71.8 

1;14.« 

Alfalfa  hay 

91.4 

10.6 

39.0 

0.9 

61.6 

I:S.9 

The  following  table  also  compiled  from  Henry  and  Mor- 
rison shows  the  fertilizing  value  of  sugar  beet  by-products: 


Pound 

in  1000  lbs.  of  material 

Crop 

1 

Phoe.  Acid 

Nitrogen 

1 

Beet  pulp  (wet 

LffBves   \tn  iieiu/ 
Tops  {in  field) 

9.3 
91.8 
11.6 
11.4 

1.4     1     0.4 
14.2    1     2.4 
S.O    1     1.2 
4.2     1     1.0 

0.7 
3.8 
5.6 
6.4 

LABOR 

The  work  of  preparing  the  seed  bed  and  planting  and 
cultivating  a  crop  of  sugar  beets  is  of  such  a  character  that 
it  may  be  handled  by  the  help  regularly  employed  on  the 
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^neral  farm.  The  blocking,  thinning,  weeding  and  harvest- 
ing require  a  great  desX  of  extra  labor.  This  labor  is  often- 
times hard  to  obtain,  and  difficult  to  emt)loy  economically 
since  it  is  only  used  at  specific  times  during  the  year. 

Because  of  the  lack  of  continuous  work  extra  labor 
must  be  brought  in  for  the  busy  season  in  sections  where 
the  farms  are  large  and  a  high  per  cent  of  the  land  is  de- 
voted to  beet  growing.  It  has  been  a  common  practice  to 
employ  laborers  on  a  contract  basis  to  do  this  hand  work  at 
a  fixed  price  per  acre.  They  commence  their  work  at  the  be- 
ginning of  the  growing  season  and  remain  until  the  crop  is 
harvested,  and  must  then  find  other  employment  for  the  re- 
niiunder  of  the  year.  Often  the  entire  family  of  these  labor- 
ers work   in  the  sugar  beet  fields.    One  advantage  of  this 


F^K.  10.  Work  for  Everybody.  The  work  connected  with  sugar  beets 
is  such  that  much  of  the  available  family  labor  can  be  used  at  a 
profit. 

type  of  labor  is  that  they  are  willing  to  do  the  hand  work 
that  the  general  farmer  dislikes.  The  disadvantage  is  the 
high  cost  that  naturally  results  from  employing  more  or  less 
irresponsible  labor,  for  short  periods.  Improvements  in  ma- 
chinery that  make  for  the  elimination  of  hand  labor  at  only 
one  season  of  the  year  will  not  solve  the  labor  problem.  In 
other  words  a  satisfactory  topper  to  entirely  meet  the  de- 


D.n.iized  by  Google 


mands  should   be  accompanied   by  suitable  machineiy   for 
thinning. 

If  the  ares  planted  to  sugar  beets  is  comparatively 
small  and  is  grown  on  the  same  farm  in  connection  with  oth- 
er crops  such  as  alfalfa,  com,  and  potatoes,  the  farmer  and  his 
family  or  the  labor  employed  regularly  can  perform  the  hand 
work  as  well  as  the  general  field  work.  The  permanency  of 
the  beet  sugar  industry  is  decidedly  benefited  by,  and  may 
eventually  be  dependent  upon  a  fair  acreage  of  sugar  beets 
grown  on  nearly  every  farm  instead  of  a  large  acreage  on  a 
few.  The  many  small  farms  in  the  irrigated  districts  of  this 
state  should  for  this  reason  offer  almost  an  ideal  condition 
for  the  culture  of  this  crop. 

PLACE  IN  THE  ROTATION 

The  place  that  a  crop  should  have  in  a  rotation  is  de- 
termined by  its  effect  on  every  crop  on  the  farm.  Alfalfa,  in 
many  of  the  irrigated  sections,  has  long  been  a  favored  crop. 
Large  percentages  of  farm  areas  have  been  devoted  to  its 
production.  It  is  commcmly  known,  however,  that  one  of  the 
most  important  values  of  this  crop  lies  especially  in  the  bene- 
fit it  has  on  the  soit  in  preparing  it  for  the  cultivated  crop 
that  is  to  follow.  The  beneficial  effect  of  alfalfa  is  based  al- 
most entirely  on  the  fact  that  it  keeps  the  soil  well  supplied 
with  humus  and  nitrogen,  and  nitrogen  is  the  limiting  ele- 
ment of  plant  food  in  nearly  all  irrigated  sections.  It  has  al- 
so been  found  that  alfedfa  leaves  the  soil  in  nearly  as  good 
condition  when  it  has  been  grown  threo  or  four  years  in  suc- 
cession as  when  grown  for  a  much  longer  period. 

The  introduction  of  another  cultivated  crop  like  sugar 
beets  into  a  rotation  should  reduce  the  number  of  years  that 
alfalfa  is  grown  continuously  on  the  same  field.  Fanners  will 
not  be  as  strongly  opposed  to  plowing  up  an  alfalfa  field  if 
they  can  put  another  profitable  crop  in  its  place.  On  a  farm 
where  alfalfa,  potatoes,  sugar  beets,  com,  and  some  small 
grain  are  grown,  the  crops  should  follow  each  other  in  the 
order  in  which  they  are  enumerated,  and  the  grain  crop 
should  then  be  used  as  a  nurse  crop  for  alfalfa.  The  basis  for 
this  contention  is  that  it  allows  sufficient  diversification  to 
make  for  greater  stability  in  agriculture.    From  the  system 
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of  rotation  recommended  here,  it  shotild  not  be  concluded 
that  beets  are  not  as  successful  when  plated  after  alfalfa  as 
when  planted  after  potatoes.  Following  alfalfa  with  potatoes 
is  more  desirable  because  the  largest  yield  of  potatoes  is  pro- 
duced when  grown  in  this  order,  while  sugar  beets  do  well  as 
a  succeeding  crop.  The  large  root  crowns  of  an  old  alfalfa 
field  also  interfere  with  the  preparation  of  a  good  seed  bed 
for  sugar  beets.  The  suggested  rotation  also  provides  for  the 
better  distribution  of  labor  during  the  year.  I^anting  time 
for  beets  comes  soon  after  the  seeding  of  small  grains  and 
just  before  the  planting  of  com,  while  the  harvest  of  this 
crop  is  sufficiently  late  not  to  interfere  with  any  crops  com- 
monly grown. 

The  sugar  beet  is  a  "strong  feeder"  and  the  charge  b 
frequently  made  that  it  is  hard  on  the  land.  This  statement 
is,  however,  no  more  true  for  sugar  beets  than  for  any  oth- 
er crop  producing  the  same  yield  under  similar  conditions. 
The  beet  is  a  good  yielder  and  will  often  produce  well  on 
soil  that  is  not  in  the  highest  state  of  fertility.  The  result 
of  this  is  that  the  crop  that  succeeds  beets  is  frequently  not 
entirely  satisfactory.  This  is  due  not  so  much  to  the  fact 
that  the  beets  take  large  amounts  of  fertility  out  of  the  soil, 
but  mainly  because  there  was  a  lack  of  available  plant  food 
to  begin  with,  and  the  beet  crop  was  able  to  utilize  \&rge 
amounts  of  what  was  avulable.  Such  a  condition  would  in- 
dicate that  an  application  of  barnyard  manure  or  commercial 
fertilizer  which  should  be  part  of  any  good  rotation  system 
might  well  be  applied  to  the  succeeding  crop. 

Sugar  beets  should  never  succeed  a  potato  crop  that 
has  suffered  for  want  of  plant  food  unless  the  ground  is  first 
properly  fertilized.  This  fertilizer  should  consist  of  at  least 
ten  tons  of  barnyard  manure  per  acre  applied  in  the  fall  or 
early  winter  before  plowing,  or  of  an  application  of  about 
three  hundred  pounds  of  a  complete  fertilizer  high  in  nitro- 
gen applied  on  the  crop  in  the  spring.  Since  sugar  beets  re- 
quire a  large  amount  of  intensive  labor  the  farmer  cannot 
afford  to  use  any  field  that  does  not  give  every  assurance  of 
success  as  indicated  by  the  yield  of  the  previous  crop. 
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Sugar  beets  are  comparatively  free  from  diseases  but 
the  curly  leaf,  leaf  spot,  root  rots,  and  damping  off  deserve 
consideration  here. 

The  curly  leaf  of  the  beet  wherever  it  does  occur, 
should  no  doubt  receive  tirst  consideration  of  all  sugar  beet 
diseases  because  of  its  destructiveness.  It  is  hard  to  prevent 
or  control,  but  fortunately  it  only  occurs  periodically,  "niis 
disease  was  considered  responsible  for  the  partial  failure  of 
the  1918  beet  crop  in  the  Yakima  Valley.  The  first  symptom 
of  the  diseiise  that  appears  in  an  absolutely  definite  form  is 
the  rough,  angular  or  warty  development  of  the  veins  on  the 
under  side  of  the  leaf.  This  abnormal  condition  causes  the 
leaf  to  curl  up  and  knot-like  swellings  to  occur  at  intervals 
on  all  veins  and  especially  at  the  junctions.  If  the  disease 
appears  early  in  the  season  it  has  a  dwarfing  effect  on  the 
whole  plant  causing  the  leaves  to  turn  in  and  fold  up  forming 
what  resembles  a  loose  head.  Later  the  plant  turns  yellow 
in  color,  shrivels  and  dies.  In  extreme  cases  the  stems  and 
midribs  of  the  plant  may  crack  open  allowing  a  dark  sweet 
liquid  to  escape  to  the  surface  which  upon  evaporation  leaves 
a  deposit  of  sugar.  Generally  the  root  of  the  affected  plant 
shows  a  large  mass  of  fine  rootlets  made  evident  by  the  soil 
adhering  to  them.  If  the  attack  is  mild  or  comes  at  a  time 
when  the  beets  are  well  established  it  may  cause  only  the 
leaves  to  roll  slightly  with  but  little  further  injury.  The  dis- 
ease develops  best  under  hot  dry  conditions  but  may  do  con- 
siderable injury  even  under  climatic  conditions  that  are  fav- 
orable for  the  best  growth  of  the  beet  plant,  while  cold  wet 
weather  will  almost  always  prevent  its  development.  The  dis- 
ease rarely  occurs  two  years  in  succession  and  it  is  quite  com- 
mon for  it  to  almost  completely  destroy  a  crop  one  year  axiA 
not  be  in  evidence  at  all  the  next. 

The  conditions  most  favorable  for  the  development  of 
the  disease  are  a  lar^e  number  of  leaf  hoppers,  an  early  at- 
tack, hot  weather  and  a  field  free  from  weeds.  The  opposite 
of  these  conditions  together  with  frequent  cultivation,  early 
irrigation  and  shade  or  weeds  are  unfavorable  for  the  disease. 
An  attempt,  however,  should  not  be  made  to  control  the  de- 
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-velopment  of  the  disease  if  the  means  are  such  as  would  in- 
terfere with  the  normal  and  economic  growth  of  the  cultivat- 
ed plant.  No  satisfactory  method  of  control  is  known  at  pres- 
ent with  the  exception  that  it  is  not  advisable  to  thin  the 
beets  at  the  time  when  the  hoppers  appear. 

The  leaf  spot  though  not  found  in  this  state  at  pres- 
ent is  worthy  of  thorough  consideration  because  of  its  wide 
distribution  elsewhere  and  the  consequent  damage  resulting 
therefrom.  This  is  a  fungus,  the  spores  of  which  occur  in 
small  brown  spots  on  the  surface  of  the  leaves.    These  spots 


Fig.  11.  The  Curled  Leaf  of  the  Beet,  Commonly  Called  "Ciirley  Leaf" 
and  the  Sugar  Beet  Leaf  Hopper  Besponsible  for  it.  Utah  Exp.  Sta. 
Bnl.  No.  155. 

later  turn  ash  gray  with  a  reddish  purple  margin.  The  spots 
are  distributed  over  the  leaf  surface  and  may  cover  a  large 
portion  without  any  general  discoloration  until  in  time  the 
leaf  will  blacken  and  dry  up.  When  these  outer  leaves  dry 
up  and  become  curled  and  stand  upright  the  plant  continues 
to  develop  new  leaves  from  the  bud  and  the  crown  becomes 
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generally  elongated.  This  has  a  serious  effect  on  the  root  de- 
velopment and  consequently  results  in  a  loss  of  sugar  produc- 
ed. The  disease  may  be  controlled  by  an  early  spraying  with 
Bordeaux  mixture  but  a  rotation  of  crops  is  also  very  effect- 
ive. Late  planting  is  successful  in  c(Hnh«tting  the  disease  but 
cannot  be  recommended  because  of  its  detrimental  effect 
on  the  yield. 

Root  rots  cause  the  growing  root  to  turn  brown  and 
where  conditions  are  favorable  for  its  development  all  parts 
of  the  plant  become  affected  and  are  gradually  eliminated. 
The  bacteria  and  fungi  causing  these  diseases  are  common 
to  many  agricultural  plants  but  will  not  readily  develop  on 
soils  that  give  a  stroi^ly  alkaline  reaction.  About  the  only 
means  of  controlling  root  rots  is  by  planting  the  crop  mi 
clean  soil  and  in  the  proper  place  in  a  rotation. 

The  scab  on  beets  is  the  same  disease  as  the  scab  found 
on  potatoes.  Its  presence  is  made  evident  by  the  appearance 
of  a  sort  of  corky  growth  on  the  surface  of  the  root.  This 
disease  retards  the  normal  development  of  the  beet  and  re- 
duces the  yield.  It  may  exist  in  the  soil  for  several  years  and 
consequently  a  system  of  rotation  properly  chosen  should  not 
permit  this  crop  to  follow  immediately  any  scabby  crop. 

The  damping  off  fimgtis  is  very  destructive  to  young 
plants  and  develops  best  when  there  is  a  large  moisture  sup- 
ply and  a  fairly  warm  temperature.  Weak  plants  are  more 
susceptible  than  those  of  more  vigorous  germination.  It 
makes  its  attacks  near  the  surface  of  the  ground  and  causes 
the  plant  to  droop  and  appear  water  soaked.  The  weakened 
stem  finally  causes  the  plant  to  fall  prostrate  and  if  it  comes 
in  contact  with  moist  soil  the  fungus  growth  will  rapidly  dis- 
tribute itself  through  the  whole  plant.  There  is  no  effective 
means  of  controlling  or  preventing  this  disease  and  an  attack 
is  generally  fatal  to  the  plant. 

INSECTS 

There  are  a  great  many  insects  that  live  on  the  aagai 
beet  but  most  of  them  do  very  little  injury.  Those  grronps 
worthy  of  mention  are  the  leaf  hoppers,  nematodes,  the  plant 
lice,  flea  beetles,  plant  bugs,  leaf  eating  caterpillars,  leaf  min- 
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era,  web-worms,  cut  worms,  woolly  bears,  wire  worms,  white 
ffmbs,  blister  bugs  and  ffrasshoppers. 

Of  all  these  the  beet  leaf  hopper  deserves  separate  eonr 
sideratimi  because  it  has  been  pretty  crenerally  proven  that  it 
is  a  carrier  of  the  organism  that  produces  the  curly  leaf  dis- 
ease.  In  fact  all  experimental  work  seems  to  indicate  that 
sugar  beets  will  not  develop  this  disease  unless  their  foliage 
has  berai  punctured  by  this  insect.  -  The  leaf  hopper  is  a  small 
greenish  white  insect  whose  color  changes  to  a  reddish  tinge 
as  it  reaches  matuirty.  It  is  only  about  one-eighth  inch  in 
length  and  comparatively  slender.  This  is  distinctly  a  desert 
insect  and  appears  in  great  numbers  quite  early  in  the  season 
soon  after  the  beets  are  up.  By  puncturing  the  leaf  and  by 
apparently  injecting  into  it  a  substance  or  organism  it  has  the 
power  to  cause  the  development  of  curly  leaf,  the  disease  so 
fatal  to  the  growth  of  beets. 

Nematodes  working  in  the  soil  attack  the  root  system 
of  tiie  plant  and  have  been  decidedly  destructive  in  sections 
of  the  country  where  beets  have  been  grown  continually  on 
the  same  field.  A  proper  system  of  rotation  compost  of 
such  crops  as  are  commonly  grown  in  the  irrigated  sections 
of  this  state  will  not  only  check  this  peat  but  may  even  pre- 
vent it  from  getting  a  foothold. 

The  other  insects  enumerated  above  are  of  lesser  im- 
portance and  consequently  are  not  given  detailed  considera- 
tion here. 
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Pullman,  Washington, 

January  20,  1920. 
Honorable  Louis  F.  Hart,  Governor, 

Olympia,  Wash. 
Sir:— 

I  have  the  honor  to  transmit  herewith  a  report  of  the 
activities  of  the  Washington  Agricultural  Experiment  Station 
from  July  1,  1918,  to  June  30,  1919.  For  convenience  in  re- 
porting results,  some  of  the  divisional  summaries  cover  the 
period  up  to  January  1,  1920.  The  context  indicates  where 
this  is  the  ease. 

Very  respectfully, 

EDWARD  C.  JOHNSON, 

Director. 
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Twenty-Ninth  Annual  Report,  Washington 
Agricultural  Ejtperiment  Station 


DZBEOTOB'S  STATEMENT 

Introduction.  The  activities  of  the  Experiment  Station 
staff  thruout  the  period  of  the  war  were  directed  largely  to- 
wards the  stimulation  of  production  as  an  egsential  war  ser- 
vice. This  was  done  primarily  thru  extension  work  in  the 
field,  thru  bulletins  and  circulars  and  thru  the  general  press. 
Invcstigatioaal  and  experimental  work,  therefore,  could  not 
be  emphasized  as  intensively  as  is  desirable  under  more  nor- 
mal conditions.  Most  of  the  projects,  however,  were  continued 
and  considerable  progress  made.  How  to  redirect  the  activi- 
ties more  fully  to  needed  investigational  and  experimental 
work  became  the  readjustment  program  on  the  signing  of  the 
armistice.  The  remainder  of  the  fiscal  year  was  devoted 
largely  to  a  review  of  the  investigational  needs  of  the  state, 
a  readjustment  of  the  funds  and  projects  so  as  to  meet  these 
needs  in  so  far  as  possible,  a  correlation  of  the  work  of  the 
various  divisions,  increased  emphasis  on  active  projects  and 
resumption  of  work  on  some  of  the  projects  that  had  lapsed. 
It  was  found  advisable  to  continue  in  large  measure  the  pre- 
war investigational  program  altho,  in  the  light  of  new  condi- 
tions, certain  modifications  and  additions  were  made. 

Additions  and  Changes.  The  organization  of  the  Divi- 
sion of  Farm  Management  in  the  Station  and  College  to  con- 
duct investigations,  especially  in  farm  organization  and  in 
cost  of  production  and  to  teach  farm  management  to  ad- 
vanced students  in  the  College  of  Agriculture,  constitutes  one 
of  the  more  important  additions  of  the  year  to  the  Station  and 
College.  This  division  should  be  given  every  possible  support 
in  order  that  it  may  cover  the  outstanding  management  and 
business  problems  of  the  principal  farming  sections  of  the 
state. 
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Another  difltinct  step  in  advance  was  the  heginning  in 
May,  1919,  of  the  development  of  the  Irrigation  Branch  Sta- 
tion at  Prosser  for  which  an  appropriation  was  made  by  the 
last  legislature.  This  Station  will  give  careful  emphasis  to 
the  problems  of  irrigated  Washington  just  as  rapidly  as  ita 
support  will  permit. 

The  goitre  investigations,  conducted  at  the  temporary 
experiment  station  in  the  Methow  Valley,  were  practically 
completed.  Other  pressing  veterinary  problems  of  the  state 
will  now  receive  attention. 

Inrestig&titHu  in  Goopovtion  with  the  V.  8.  Department 

of  Agriculture.  Investigations  in  cereals  and  forage  crop  pro- 
duction conducted  in  cooperation  with  the  Office  of  Cereal 
Investigations  and  the  Office  of  Forage  Crop  Investigations  of 
the  U.  S.  Department  of  Agriculture  were  continued  at  the 
Adams  Branch  Station  at  Liud  and  the  Branch  Station  at 
Waterville.  Cooperation  with  the  Bureau  of  Entomology  of 
the  same  Department  in  investigations  of  cranberry  inseota 
was  continued  at  the  temporary  Station  at  Ilwaco. 

An  investigation  of  the  wire  worm  in  the  wheat-growing 
area  of  Washington  was  undertaken  cooperatively  by  this 
Station  and  the  Bureau  of  Entomology,  the  work  being  done 
primarily  at  the  Adams  Branch  Station  and  at  the  Centrml 
Station  at  the  State  College. 

Cooperative  work  with  the  office  of  Horticultural  Invee- 
tigations  of  the  U.  S,  Department  of  Agriculture  relative  to 
seed  potato  production  was  commenced. 

Changes  in  the  Staff.  The  following  resignations  went 
into  effect:  R.  P.  Bledsoe,  Assistant  Superintendent  of  the 
Waterville  Experiment  Station,  August  16,  1918 ;  Walter  Gar- 
rison, Foreman  at  the  Adams  Branch  Experiment  Station, 
January  31,  1919;  Asher  Hobson,  Director,  Biireau  of  Farm 
Ifarkets,  April  1,  1919,  and  George  Wehrwein,  Assistant  in 
Farm  Markets,  September  1,  1918. 

The  following  appointments  were  made:  Edward  C. 
Johnson,  Director,  Washington  Agricultural  Experiment  Sta- 
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tion,  January  1,  1919;  C.  E,  Hill,  Assistant  Superintendent, 
Waterville  Branch  Station,  February  1,  1919;  R.  P.  Bean, 
Superintendent  of  the  Irrigation  Branch  Station,  May  1,  1919; 
John  W.  Cochran,  Foreman  at  the  "Waterville  Branch  Station, 
March  1,  1919;  Harry  L.  Cole,  Assistant  Chemist  of  the  Ex- 
periment Station,  February  12,  1919;  Milton  Brandt,  Assist- 
ant in  Bacteriology,  April  10,  1919;  Chris  Koch,  Foreman  at 
the  Adams  Branch  Station,  February  1,  1919. 

H.  M.  Wanser  -was  assigned  as  Assistant  at  the  Adams 
Branch  Station,  April  1,  1919,  his  salary  being  paid  by  the 
U.  S.  Department  of  Agriculture. 

The  work  of  the  various  Divisions  of  the  Experiment  Sta- 
tion has  been  summarized  and  is  reported  by  Divisions  in  the 
following  pages. 

H«w  Legislation.  A  Foeding  Stuffs  Law  and  a  Dairy 
Code  enacted  by  the  last  legislature  require  that  the  neces- 
sary analytic  work  in  connection  with  oSieial  samples  sub- 
mitted by  the  Commissioner  of  Agriculture  shall  be  done  by 
the  Chemist  of  the  Experiment  Station,  who  is  also  SCate 
Chemist.  An  injunction  by  the  court  against  the  enforcement 
of  the  provision  for  a  10  per  cent.  limit  of  crude  fiber  in  any 
commercial  feed  rendered  the  Feeding  Stuffs  Law  ineffective 
for  some  months  and  therefore  the  number  of  samples  sub- 
mitted for  analyses  were  limited.  The  decision  of  the  Su- 
preme Court,  when  made,  upheld  all  provisions  of  the  statute 
and  the  law  is  now  in  full  force  and  effect.  No  special  appro- 
priation was  made  to  the  Experiment  Station  by  the  legisla- 
ture for  this  work  and  it  is  handled  out  of  the  State  College 
funds  set  aside  for  experiment  station  use. 

Agricultural  and  vegetable  seeds  legislation  was  enacted 
which,  similar  to  the  provisions  of  the  Feeding  Stuffs  Law 
and  Dairy  Code,  requires  that  the  analytic  work  for  purity 
and  germination  of  such  seed  samples  as  shall  be  collected  by 
the  Commissioner  of  Agriculture,  his  inspectors  or  assistants, 
shall  be  conducted  by  the  Washington  Experiment  Station. 
No  special  appropriation  to  the  Experiment  Station  for  this 
work  waa  made. 


iized  by  Google 


8  TWENTY-NINTH    ANNUAL   REPORT 

While  the  technical  analytic  work  in  connection  with  the 
regulatory  work  of  the  State  Department  of  Agriculture  can 
well  be  done  in  the  laboratories  of  the  Experiment  Station 
and  it  is  believed  that  such  practice  insures  both  accuracy  and 
economy  for  the  state,  it  would  seem  that  the  expense  of  such 
work  should  be  borne  by  the  State  Department  of  Agriculture 
rather  than  by  the  Experiment  Station  and  a  definite  fund  set 
aside  in  its  budget  for  this  purpose. 

An  act  establishing  a  Division  of  Apiculture  in  the  State 
College  of  Washington  for  the  purpose  of  regulating  the  im- 
portation, keeping  and  sale  of  bees,  also  was  enacted  by  the 
legislature  and  an  appropriation  of  $4000  for  the  bienniom 
made  for  the  purpose  of  enforcing  the  act  thru  inspectorm 
appointed  by  the  State  Entomologist,  by  and  with  the  consent 
of  the  Dean  of  the  College  of  Agriculture  of  the  State  Col- 
lege of  Washington. 

Funds  were  appropriated  for  use  towards  the  completion 
of  Wilson  Hall  and  the  Divisions  of  Chemistry,  Soils  and 
Plant  Pathology  will  move  in,  as  soon  as  the  work  is  complete, 
vacating  their  present  quarters  in  other  buildings. 


DIVISION  OF  ANIUAL  HUSBAITDRY 
Howard  Hockedom,  in  Charge. 

The  system  of  farming  in  Eastern  Washington  is  such 
that  an  annual  legume  crop  is  desirable.  The  production  of 
peas  for  seed  fulfills  this  requirement  and  has  proved  a  profit- 
able venture.  For  this  reason  there  is  considerable  pea  straw 
available  for  live  stock  feed.  How  this  can  best  be  utilized 
is  one  of  the  important  questions  in  the  mind  of  the  farmer. 
A  series  of  tests  to  obtain  some  information  on  the  use  of  the 
pea  straw,  therefore,  has  been  undertaken  by  the  Division  of 
Animal  Husbandry. 

The  Value  of  Pea  Straw  as  a  Bongfaage  for  Lambs.    In 

a  test  of  the  value  of  pea  straw  two  lots  of  6  Iambs  each 
were  fed.  Lot  1  receiving  an  average  daily  ration  of  grain. 
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1  lb.  and  alfalfa  hay,  3.42  lbs.,  and  Lot  2  receiving  the  same 
grain  ration  as  Lot  1  but  3.49  lbs.  of  pea  straw  in  place  of 
alfalfa  hay.  This  represented  all  the  roughage  the  lambs 
would  satisfactorily  eat  without  undue  waste.  The  Iambs 
were  put  on  the  experiment  on  December  18  and  continued 
until  April  17,  or  a  period  of  120  days. 

During  this  period  the  lambs  receiving  the  alfalfa  hay 
gained  43.70  lbs.  and  those  receiving  the  pea  straw,  30.77  lbs. 
The  average  weight  of  the  fleeces  of  the  former  was  10.41 
and  of  the  latter,  10.17  lbs.  With  alfalfa  hay  costing  $25.00 
per  ton,  pea  straw  $10.00  and  grain  $60.00  per  ton,  the  lot 
receiving  the  alfalfa  hay  cost  $19,965  per  100  lbs.  gain  as 
compared  with  $18.82  per  100  lbs.  gain  for  the  lambs  receiv- 
ing the  pea  straw. 

The  Value  of  Pea  Straw  as  a  Boughajfe  for  Winterinf 
Pregnant  Ewes.  The  breeding  ewes  of  the  College  flock  were 
used  in  this  expefiment.  Two  lots  of  13  ewes  each  were  given 
a  ration  consisting  of  grain  and  alfalfa  hay  (Lot  3)  and  grain 
and  pea  straw  (Lof  4) .  Some  ewes  proved  to  be  dry  and  for 
various  causes  others  had  to  be  taken  out.  Only  those  ewes  that 
lambed  were  used  in  the  final  computations  of  the  results. 
The  average  feed  consumed  was  necessarily  used.  In  Lot  3 
nine  ewes  finished  this  test  and  eight  ewes  in  Lot  4. 

Ewes  receiving  the  pea  straw  required  .16  lbs.  more  grain 
per  head  per  day  than  the  ewes  which  received  the  alfalfa. 
The  latter  were  fed  */^  lb.  of  grain  per  head  per  day.  The 
two  lots  of  ewes  were  approximately  equal  in  other  respects. 
The  difference  in  the  cost  of  wintering  the  breeding  ewes  was 
$1.99  in  favor  of  the  ewes  receiving  the  pea  straw.  The  feed 
per  head  in  the  lot  of  ewes  receiving  the  pea  straw  during 
an  average  feeding  period  of  80  days  cost  $3.34,  while  that 
for  the  lot  receiving  alfalfa  hay  cost  $5.33.  The  prices  of 
feed  used  in  this  calculation  was  $25  for  alfalfa  hay,  $10  for 
pea  straw,  and  $60  for  grain  per  ton. 

Pea  Straw  as  a  Roughage  for  Ewes  Suckling  Lambs.  In 
order  to  obtain  more  complete  data  as  to  the  value  of  pea 
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Btraw  as  compared  with  alfalfa  the  two  lots  of  breeding  ewes 
were  continued  after  lambing  on  the  same  rations  which  they 
were  receiving  before  lambing.  At  the  time  the  lambs  were 
60  days  old  the  ewes  were  taken  out  of  the  experitoent,  each 
ewe  and  lamb  being  weighed  individually  at  the  end  of  the 
30  and  60  day  periods  after  the  birth  of  the  lamb.  Seven 
ewes  suckling  nine  lambs  were  used  in  each  of  the  two  lots. 
The  lambs  in  the  two  lots  made  approximately  the  same  gain 
and  the  ewes  of  both  lots  practically  maintained  their  weight. 
However,  it  required  an  average  of  1  lb.  more  of  grain  per 
ewe  per  day  for  the  60-day  period  to  hold  the  ewes  receiving 
pea  straw  up  to  the  average  of  those  receiving  alfalfa  hay. 
The  average  daily  ration  for  the  lot  receiving  alfalfa  (Lot  3) 
was  1.9  lbs.  of  grain  while  that  for  the  lot  receiving  the  pea 
straw  (Lot  4}  was  2.93.  Due  to  the  heavier  grain  feeding  re- 
quired by  the  ewes  in  Lot  4,  the  cost  of  feeding  the  ewes  from 
lambing  time  during  the  first  60  days  of  the  suckling  period 
was  practically  the  same. 

Forage  Crops  for  Pork  Production.  In  studies  of  the  eco- 
nomic utilization  of  alfalfa  and  peas  for  the  production  of 
pork  it  was  found  that  it  would  be  more  profitable  with  pres- 
ent hay  prices  to  make  one  cutting  of  alfalfa  before  pastur- 
ing with  hogs.  This  should  be  done  a  tittle  earlier  than  the 
optimum  time  to  cut  alfalfa  for  hay.  thus  giving  the  second 
crop  a  chance  to  grow  before  the  weather  becomes  too  dry. 
Th  second  crop  can  be  utilized  very  satisfactorily  by  pigs  at 
weaning  time. 

Pigs  pastured  on  alfalfa  without  additional  feed  did  not 
gain  sufficiently  to  warrant  feeding  them  in  this  manner. 

Peas  proved  to  be  a  very  satisfactory  pasture  crop  for 
hogs.  The  addition  of  a  two  per-cent.  grain  ration  with  this 
pasture  did  not  prove  profitable. 


DIVISION  OF  BACTEBIOLOOY 

T.  J.  Murray,  in  Charge. 
Legume  Culture  Work.     The   legume   culture   work   waa 
continued  and  is  gaining  in  importance.     In  cooperation  with 
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the  Division  of  Farm  Crops,  inoculating  material  sufficient  for 
11,463.5  acres  was  furnished  to  the  farmers  from  the  Bac- 
teriology Laboratory,  as  follows:  peas,  6110  acres;  alfalfa, 
3506.5  acres ;  sweet  clover,  528  acres ;  clover,  520  acres ;  beans, 
508.5  acres;  vetch,  447.5,  and  soy  beans,  36  acres. 

A  Otmiparison  of  Different  Inoculating  Oultorea.  This 
project  was  undertaken  with  a  view  of  determining,  under 
field  eonditiona,  the  relative  efficiency  of  the  cultures  fur- 
nished by  the  Experiment  Station  and  commercial  cultures 
sold  on  the  market.  The  cultures  used  were :  1.  Inoculated 
sterilized  aand;  2.  Inoculated  sterilized  soil;  3.  Field 
soil  which  was  well  inoculated ;  4.  A  commercial  culture  on 
agar;  5.  Standard  experiment  station  culture  on  agar;  6. 
A  commercial  culture  in  soil;  7.  A  second  commercial  cul- 
ture on  agar. 

The  cultures  used  were  for  peas  only.  Eleven  individuals 
volunteered  to  plant  peas  inoculated  with  these  cultures  in 
acre  plots.  Checks  with  no  inoculation  were  also  run.  Care- 
ful work,  however,  was  carried  on  only  in  four  cases.  Cul- 
tures Numbers  1  and  5  were  very  effective.  The  inoculated 
soil  ^nd  field  soU  gave  poor  results.  Pair  results  were  ob- 
tained with  the  commercial  culture.  Laboratory  work  was 
carried  ont  on  aU  the  cultures  and  all  showed  ability  to  in- 
oculate peas.  The  number  of  bacteria  also  was  determined. 
The  cultures  showed  from  20  to  1000  bacteria  per  seed.  This 
work  was  conducted  in  cooperation  with  the  Department  of 
Farm  Crops. 

Factors  that  Control  tbe  Infection  of  Legfumes  by  Bac- 
teria. Work  was  started  with  a  view  of  determining  the 
effect  on  inoculation  of  moisture,  temperature,  number  of  bac- 
teria, the  virulence  of  bacteria,  the  methods  of  inoculating 
and  growing  bacteria,  and  methods  of  applying  bacteria  to 
the  seed.  Only  a  little  work  was  done  on  this  project.  It 
was  found  that  inoculation  took  place  in  Palouse  soil  under 
laboratory  conditions  at  between  12%  and  26%  moisture  con- 
tent. 
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Bovine  Tubercle  Bacillus.  Believing  that  if  the  fatty  Bub- 
stances  in  the  tubercle  bacillus  could  be  removed  in  the  pro- 
cess of  cultivation  by  gradually  replacing  glycerine  with  urea, 
that  a  fat-free  organism  might  be  obtained  and  then  a  suc- 
cessful vaccine  might  be  made  with  the  fat-free  organism  a 
synthetic  liquid  culture  medium  was  made  by  C.  A.  Magoon 
and  the  results  reported  in  Bulletin  No.  132,  "Isolation  and 
Cultivation  of  Bacterium  Tuberculosis  on  a  Synthetic  Culture 
Medium.''  In  addition,  in  his  notes  he  states  that  he  sue- 
eecded  in  obtaining  fat-free  tubercle  bacilli.  This  work  which 
was  started  in  1914  has  been  rechecked,  using  the  synthetic 
solution  as  a  basis.  In  no  case  were  fat-free  bacilli  obtained. 
In  addition  when  all  the  glycerine  was  replaced  by  urea, 
growth  ceased.  It  is  proposed  to  use  other  sources  of  carbon 
for  the  tubercule  bacillus  and  if  fat-free  organisms  cannot  be 
obtained,  to  drop  the  work. 

The  Effect  of  Straw  on  the  Soil.  It  has  been  observed 
that  the  addition  of  any  considerable  quantity  of  straw  to  the 
soils  of  Eastern  Washington  causesa  decrease  in  the  follow- 
ing crop  yield.  A  study  of  the  effect  of  straiv  in  the  soil  was 
undertaken  in  cooperation  with  the  Division  of  Soils  with  « 
view  to  determine  the  cause  of  the  decrease  in  yield  resulting 
from  the  application  of  straw  and  in  the  hope  of  devising,  if 
possible,  some  method  of  returning  humus  to  the  soil  without 
ill  effects. 

Kesalts  were  obtained  that  indicate  that  the  addition  of 
straw  of  between  .1%  and  .7%  actually  stimulates  the  forma- 
tion of  nitrates.  "When  added  in  greater  quantity,  and  thru 
to  the  end  of  24  weeks,  there  is  a  loss  in  nitrates  in  every 
case.  The  greater  the  addition  of  straw,  the  greater  the  loss 
in  nitrate  formation.  This  work  is  being  checked  and  will  be 
continued  to  determine  what  are  the  ultimate  results  of  straw 
on  nitrification.  Total  nitrogen  determinations  show  that, 
altho  there  is  a  loss  in  nitrates  and  nitrate  formation,  there 
is  never  any  loss  in  total  nitrogen.  There  is,  on  the  other 
hand,  a  continual  increase  in  nitrogen  content.  It  is  evident 
that  while  plant  food  in  the  form  of  nitrates  is  lost,  it  is  not 
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permanently  lost  but  probably  is  changed  to  protein  nitrogeu. 

Bacterial  counts  were  made  on  the  soil  under  experi- 
mental conditiona  after  3,  6,  9,  12,  18,  24,  30,  36  and  42  week 
intervale.  It  web  found  that  as  the  straw  increases,  the  num- 
ber of  bacteria  increases;  with  5%  straw,  the  count  runs 
from  130,000,000  to  190,000,000  bacteria  per  gram  at  the  end 
of  12  weefas.  The  present  tendency  is  toward  a  reduction  of 
these  high  counts.  At  the  end  of  36  and  42  weeks,  with  5% 
straw  there  are  abont  50,000,000  bacteria  per  gram.  The 
checks  with  no  straw  run  between  1  and  3,000,000  bacteria 
per  gram.  It  is  evident  that  the  straw  acts  as  a  stimulant  to 
bacterial  reproduction,  serving  perhaps  as  a  source  of  energy. 
The  bacteria  in  turn  act  on  the  nitrate  nitrogen  and  probably 
throw  off  protein  nitrogen. 

Some  work  was  done  with  nitrate  bacteria.  About  eight 
strains  were  isolated.  The  effect  of  increasing  amounts  of 
pure  cellulose  in  solution  on  these  organisms  was  studied  and 
there  were  no  iU  effects.  It  is  apparent  that  cell\ilose  has  no 
inhibiting  effect  on  the  nitrifying  bacteria.  Work  is  in  prog- 
ress to  determine  the  effect  of  cellulose  of  straw  on  these  bac- 
teria. Greenhouse  work  is  in  progress  for  testing  the  effect 
of  straw  on  wheat  growth  and  also  the  effect  of  growing 
legumes  previous  to  the  growth  of  wheat. 

BGsceUaneons  Ijialfsis.  Forty  samples  of  water  were 
analyzed  for  the  citizens  of  the  state.  Twenty  samples  of 
milk  were  analyzed  and  several  examinations  for  diphtheria 
and  for  tuberculosis  were  made. 

Hew  Iavwtis:ati<nu  Planned.  In  cooperation  with  the 
Department  of  Soils,  it  is  planned  to  carry  on  some  work  on 
the  nitrogen  supply  of  semi-arid  soils,  with  a  view  to  improve 
agricultural  methods  in  sub-humid  sections. 


DIVIBIOK  OF  BOTANY 
T.  L.  Pickett,  in  01uirg«. 
Seed  AnalysiB.    A  Seed  Law  for  the  purpose  of  regulat- 
ing the  sale  of  agricultural  and  vegetable  seeds  and  for  estab- 
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lisbing  grades  and  standards  for  such  seeds  was  enacted  by 
the  last  legislature.  Its  enforcement  rests  with  the  Commis- 
sioner of  A^culture,  but  the  Washington  State  Experiment 
Station  is  required  to  make  an  analysis  of  all  official  samples 
collected  by  the  Commissioner  or  his  representatives  and  to 
report  these  analyses  to  the  Commissioner  and  to  the  vendor 
or  party  interested.  As  a  result  the  seed  laboratory  has  re- 
quired more  attention  than  formerly.  Daring  the  year,  Janu- 
ary 3,  1919,  to  December  31,  1919,  1232  samples  of  seed  passed 
thru  the  seed  laboratory  and  were  analyzed.  This  direct  help 
to  the  agriculture  of  the  state  has  been  further  reinforced  by 
the  idenlification  of  weeds  and  native  plants  and  by  the  in- 
formation furnished  for  farmers.  A  full  record  of  distribution 
data  also  has  been  kept. 

Spraying  for  Weeds.  Definite  work  was  done  in  deter- 
mining the  effectiveness  of  different  treatments  for  the  eradi- 
cation of  the  wild  morning  glory  (Convolvulus  arvensis).  No 
funds  were  available  from  the  Experiment  Station  for  this 
work,  but  inasmuch  as  the  work  had  been  definitely  planned, 
such  expense  as  was  necessary  has  been  borne  from  Botany 
Department  funds.  The  work  extended  thru  the  summer  and 
included  the  use  of  three  chemical  sprays  and  a  program  of 
intensive  cultivation.  As  sprays,  copper  sulphate,  iron  sul- 
phate and  sodiiim  arsenite  were  used.  The  copper  and  iron 
sprays  proved  wholly  inefBcient  if  not  entirely  harmLees,  but 
the  sodium  arsenite  gave  promise  of  great  usefulness.  This 
must  be  tested  at  greater  length.  The  cultivation  program 
gave  satisfactory  results  for  this  season,  but  must  be  con- 
tinued thru  a  longer  time  before  a  true  estimate  of  its  value 
as  a  means  of  complete  eradication  can  be  given. 


DIVI^ON   OF   CHEBnSTBT 
0«orge  A.  Olson,  in  Ohai^ 
The  work  of  the  Division  of  Chemistry  is  divided  between 
Experiment  Station  projects  and  analytical  work  in  connec- 
tion with  the  regulatory  work  of  the  State  Department  of 
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Agriculture,  Tte  new  laws,  which  became  operative  in  early 
July  with  reference  to  dairy  products  and  feeding  stuffs, 
require  that  the  necessary  alalytical  work  be  done  by  the 
chemist  of  the  Experiment  Station.  This  has  increased  thi. 
work  of  the  Chemistry  Division.  As  the  number  of  official 
samples  continues  to  increase,  more  help  will  be  essential 
or  there  will  be  little  or  no  time  left  for  conducting  research. 
As  the  investigational  work  is  of  primary  importance,  it 
should  not  be  permitted  to  suffer. 

Baking  Qualities  of  Flour.  Investigations  relating  to 
the  ' '  baking  qualities  of  flours "  have  been  emphasized 
daring  the  year.  The  flours  used  were  prepared  in  accordance 
with  the  United  States  Grain  Corporation  regulations. 

Among  the  various  determinations  undertaken  was  a 
study  of  the  nitrogen  content,  specific  conductivity  and  vis- 
cosity of  the  carbon  dioxide-free  distilled  water  extract, 
50%  alcohol  extract  and  70%  alcohol  extract  of  flour.  The 
specific  conductivity  and  viscosity  determinations  also  were 
made  of  the  mineral  matter  contained  in  the  various  extracts 
mentioned. 

The  hydration  capacities  of  the  glutens  and  the  specific 
conductivity  of  organic  and  inorganic  acids  in  which  glutens 
were  immersed  for  different  intervals  of  time  and  the  nitro- 
gen, ash,  expansibility,  and  the  acid  hydrolysis  of  the  glutens 
■were  studied. 

The  specific  conductivity  of  the  water  extract  of  flours 
has  the  same  order  as  the  specific  conductivity  of  50%  alcohol 
extract  and  70%  alcohol  extract  of  flours.  However,  the  spe- 
cific conductivity  of  the  70%  ulcohol  extract  is  less  than  that 
of  the  50%  alcohol  extract  which  in  turn  is  less  than  that 
observed  in  case  of  the  water  extract.  The  small  margin  of 
difference  occurring  in  the  speciflc  conductivity  of  the  various 
water  extracts  of  flours  in  each  of  the  series  was  due  to  the 
solubility  of  the  substances  which  interfere  with  specific  con- 
ductivity. At  least,  the  order  of  the  specific  conductivity  of 
the  mineral  content  of  the  water-soluble  extract  is  not  the 
same  as  that  observed  in  the  water-soluble  extract  as  a  whole. 
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With  regard  to  viscosity  measurements,  it  was  observed 
that  the  order  of  the  70%  alcohol  extract,  while  not  exactly 
the  same  as  in  case  of  the  50%  alcohol  extract,  nevertheless 
is  similar  especially  if  one  considers  that  the  differences 
occurring  are  within  very  narrow  limits  of  variation.  In 
the  study  of  the  hydration  capacities  of  gluten,  it  was  noted 
that  the  rate  of  the  imbibition  of  water  for  the  different 
glutens  varied  considerably.  In  general,  it  may  be  said 
that  the  order  of  specific  conductivity  also  is  the  order  of 
viscosity.  Apparently  the  solubility  of  other  substances  than 
mineral  matter  influence  the  viscosities  just  as  has  been 
noted  in  case  of  the  conductivity  measurements. 

Generally  speaking,  the  volume  per  gram  of  expanded 
gluten  was  found  to  be  in  the  same  order  as  the  conduc- 
tivity measurements  of  the  glutens  which  had  been  immersed 
in  N-lOO  sulphuric  acid.  The  conductivity  measurement  of 
the  glutens  immersed  in  N-lOO  lactic  and  citric  acids  were 
found  to  be  in  the  inverse  order  of  the  volumes  obtained  per 
gram  of  expanded  gluten. 

In  comparing  the  purity,  percentage  dry,  expansion  of 
baked  amino-nitrogen  content  of  glutens  and  the  ratio  of 
water-soluble  nitrogen  of  dour  to  ammonia  nitrogen  of 
glutens,  the  following  deductions  have  been  made: 

The  purity  of  the  glutens  is  inversely  proportional  to  the 
expansion  per  gram  of  baked  gluten. 

The  quantity  of  amino-nitrogeu  in  the  glutens  appears 
to  be  in  the  order  of  tbe  purity  of  the  gluten. 

The  percentage  of  dry  gluten  and  the  ratio  of  the  water 
soluble  nitrogen  of  the  flour  to  the  ammonia  nitrogen  of  the 
gluten  appear  to  be  in  accord  with  each  other  but  in  the 
inverse  order  of  the  purity  of  the  gluten. 

Influence  of  Oaltivation  of  Soil  on  Nitrogen  CompoBition 
of  Wheat.  The  five-year  study  of  the  influence  of  cultivation 
on  the  nitrogen  composition  of  wheat  has  been  completed. 

Winter  Wheats.  The  variations  of  nitrogen  content  of 
different  wheats  during  the  five-year  period  were  as  fol- 
lows:   Hybrid  wheat  No.   143  from  2,50%  to  2.90%.;  Winter 
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Fife  from  2.15%  to  2.57%,  and  Turkey  Red  from  2.50%  to 
2,90%  nitrogen  content.  The  average  annual  variation  '  in 
percentage  of  nitrogen  of  all  varieties  of  wheat  grown  by 
farmers  .in  the  same  locality  ranged  from   1.50  to  2.32. 

Spring  Wheats,  In  the  cultivated  plots.  Hybrid  No,  143 
varied  from  2.23%  to  3,13%  nitrogen  and  Bluestem  from 
2.37%  to  2.83%  in  a  four-year  period,  and  in  a  three-year 
period  Early  Baart  varied  from  2.39%  to  2.92%  nitrogen 
content.  The  farmers'  samples  collected  showed  an  average 
variation  ranging  from  1.73%  to  2.5%  of  nitrogen. 

Comparing  the  variations  in  nitrogpn  composition  of  the 
wheat  with  the  variations  of  annual  precipitation,  the  data 
show  the  tendency  of  the  larger  precipitations  to  be  favorable 
to  the  production  of  higher  nitrogen  percentages  in  the  winter 
wheat  and  lower  precipitations  to  be  favorable  for  higher 
percentages  of  nitrogen  in  the  spring  wheat.  Comparing  the 
eomposltion  of  wheat  on  well-tilled  and  less  well-tilled  soil, 
the  data  show  that  good  tillage  favors  a  higher  nitrogen 
content. 

The  data  for  the  yields  of  wheat  and  the  quantity  of 
nitrogen  that  such  wheats  would  remove  are  being  computed 
and  will'  be  published  as  a  separate  paper. 

Saspended  Projects.  Work  has  been  temporarily  dis- 
continued on  "The  Function  of  Sulphur  as  Plant  Food"  and 
on  "Cooperative  Study  of  Methods  of  Analysis"  with  the 
Association  of  Official  Agricultural  Chemists  and  on  "Rela- 
tion of  Soil  Types  to  Composition  of  Wheat." 

Service  to  Otlw  Divisiotifl.  The  Chemistry  Division  also 
functions  as  a  service  division  for  the  other  divisions  of  the 
Experiment  Station.  Milling  tests,  nitrogen  determinations 
and  gluten  tests  of  64  samples  of  wheat  were  made  for  the 
Farm  Crops  Division  during  the  year  and  iodine  determina- 
tions in  enlarged  and  normal  thyroid  glands,  and  in  samples 
of  water,  etc.,  were  made  for  the   Veterinary  Division. 

A  two-years  supply  of  samples  relating  to  the  function 
of  sulphur  as  plant  food  material  are  still  on  hand  to  be 
analyzed  as  well  as  numerous  miscellaneous  samples.      It  Is 


18  TWENTY-NINTH    ANNUAL    REPORT 

hoped  that  this  material  can  be  analyzed  at  some  opportune 
time  in  the  year  1920,  thus  bringing  all  work  up  to  date. 
Such  a  policy  will  make  it  possible  for  concentration  upon 
the  fundamental  problems  which  are  now  being  studied. 

New  Problems.  The  concluding  of  the  project  on  the 
nitrogen  composition  of  wheat  should  allow  more  time  for 
work  on  the  baking  qualities  of  flour  and  the  other  suspended 
investigational  work.  Cooperation  with  the  Bureau  of 
Chemistry  of  the  U.  S.  Department  of  Agriculture  on  oiUcial 
methods  and  with  the  various  divisions  of  the  station  in 
connection  with  such  projects  as  are  now  being  Investigated 
would  be  very  desirable.  The  end  of  the  study  of  the 
chemistry  of  wheat  is  by  no  means  reached.  Studies  pertain- 
ing to  the  chemical  changes  in  eggs  during  storage  are  of 
importance  both  practically  and  scientifically.  Problems 
relating  to  the  dairy  and  fruit  industries  should  receive  early 
attention.  This  will  be  given  at  the  earliest  opportunity  and 
in  proportion  as  help  and  funds  for  the  work  make  expansion 


WORE    OF    THE    STATE    CHEMIST 
George  A.  Olson,  in  Charge 

The  chemist  of  the  Washington  Agricultural  Experi- 
ment Station  is  also  State  Chemist  and  has  assisted  the  State 
Department  of  Agriculture  in  accordance  M-ith  the  provisions 
of  the  statutes. 

Insecticides  and  Fangicides.  Thirty-two  samples  of 
various  insecticides  and  fungicides  were  analyzed.  The 
arsenical  and  lime-sulphur  preparations  sold  in  the  market 
were  found  to  be  above  the  guarantees  of  the  manufacturers. 
However,  there  were  two  samples  of  spray  material  which 
were  submitted  which  contained  materials  of  questionable 
efficiency.  One  of  the  samples  was  composed  of  an  alkali 
solution  of  Paris  green  and  the  other  was  a  concoction  of 
tar  products  and  some  nicotine,  about  one-half  the  bulk 
of  which  was  made  up  of  crystallized  sodium  sulphate. 
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AiBenic  Oontent  on  Apples.  Apples  from  typical  sample 
boxeR  from  the  different  orchard  sections  of  the  state  were 
analyzed  for  the  purpose  of  determining  the  quantity  of 
oreenic  contained  on  the  apples,  as  the  result  of  spraying 
with  arsenate  of  lead.  The  analyses  showed  the  arsenic 
content  to  vary  as  follows :  0.0006,  0.00098,  0.000427,  0.000729, 
0.000747,  and  0.00090  grams  per  apple. 

Dairy  Products.  Beginning  with  the  month  of  July,  the 
Dairy  Division  has  been  submitting  samples  for  analysis  {132 
in  number)  in  accordance  with  the  provision  of  Chapter  189 
of  1919  legislature.  Various  samples  of  milk,  butter  and 
cheese  were  found  to  run  below  the  standards. 

Fertiliwre.  The  analyses  of  33  samples  of  fertilizers 
appeared  to  show  that  in  a  large  percentage  of  caiies  the 
guaranteed  compositions  were  a  matter  of  fonn  rather  than 
actually  showing  the  true  composition  of  the  fertilizer 
ingredients. 

Foods.  Analyses  of  100  samples  of  food  showed  that 
the  quality,  generally  considered,  was  very  good.  However, 
there  were  a  few  eases  of  evaporated  milk  and  sausages  con- 
taining artificial  coloring  and  cereal  which  did  not  meet  the 
requirements   of  the  statutes. 

Feeding  Staffs.  A  new  feeding  stufCs  law  was  enacted 
by  the  last  legislature  which  requires  that  the  State  Chemist 
shall  analyze  the  samples  of  feeding  stuffs  collected  and  sub- 
mitted by  the  inspectors.  This  laiv  went  into  effect  in  the 
early  part  of  July.  Prom  the  analyses  of  35  samples  it  has 
been  noted  that  the  feeding  stuff  situation  has  improved 
greatly  when  compared  with  former  years. 


DIVISION  OF   DAIRY  HUSBANDRY 
E.  Q.  Woodward,  in  Charge 

A  Comparison  of  Com  Silage,  Artichoke  Silage  and  Sun- 
flower Silage  as  Feeds  for  Milk  Production.  This  investiga- 
tion includes  a  study  of  the  keeping  quality,  palatabilify  and 
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nutritive  value  of  different  silages  and  their  effect  upon  the 
flavor  of  the  milk.  The  silage  is  now  in  the  silo  and  will 
be  fed  during  the  winter. 

The  Cause  of  Difflctilt  Chnrtdaff.  Difficult  churning 
seems  to  be  rather  common  in  Washington.  It  is  usually 
reported  by  persons  having  only  one  cow  in  milk  after  she 
has  been  in  milk  for  a  period  of  six  months  or  longer.  The 
cream  froths  and  swells  and  will  not  "break"  even  when 
churning  is  continued  for  five  or  six  hours.  The  milk  also 
often  develops  a  decidedly  stale  or  bitter  flavor  within  48 
hours  after  milking.  Butter  churned  from  the  cream 
develops  this  stale  flavor  in  about  the  same  length  of  time. 

From  work  done  thus  far,  it  seems  that  the  trouble  is  not 
bacterial  as  it  has  not  been  possible  to  produce  the  condition 
by  inoculation.  Slight  changes  have  been  found  in  the 
chemical  composition  but  no  more  than  would  naturally  be 
expected  in' milk  from  a  cow  far  along  in  lactation. 

The  cause  of  the  trouble  has  not  yet  been  determined. 
However,  it  has  been  found  that  pasteurization  at  a  tempera- 
ture of  145  degrees  for  25  minutes  will  not  only  cause  the 
cream  to  chum  but  when  the  cream  is  pasteurized  while 
itill  fresh  it  keeps  the  bad  flavor  from  developing  and  the 
quality  of  the  butter  is  similar  to  that  made  from  normal 
cream.  Work  on  this  problem  will  be  continued  whon 
another  cow  producing  such  milk  can  be  found  in  the 
college  herd  or  nearby. 

Fillers  in  the  Haaufacture  of  Ice  Cream.  As  a  result  of 
a  comparison  of  commercial  ice  cream  powder,  gelatin,  gum 
tragacanth  and  corn  starch  for  .fillers  in  ice  cream,  it  waa 
found  that  the  gelatin  {4  oz.  to  mix  for  10  gal.)  was  the 
most  satisfactory  as  shown  by  a  higher  score  on  body,  texture 
and  keeping  quality.  This  ice  cream  also  repacked  to  better 
advantage  than  the  others.  The  gelatin  ice  cream  was  the 
last  to  start  melting  when  exposed  to  warm  temperature 
although  it  melted  completely  and  more  rapidly  when  it 
started  than  the  ice  ci'eam  containing  the  other  fillers.  This 
quality  was  the  chief  point   in   favor   of  this   cream.       The 
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kind  of  filler  did  not  influence  the  yield  of  ice  cream.      The 
work  is  being  continued. 

The  Whipping  of  Oream.  The  influence  of  the  richness 
of  cream,  age  of  cream,  temperature  of  cream  and  stabilizers 
on  the  whipping  of  cream  were  studied.  Contrary  to  popular 
opinion  it  was  found  that  30%  cream  whipped  better  than 
that  containing  either  a  higher  or  lower  per  cent  of  fat. 
The  optimum  temperature  for  whipping  cream  was  between 
50  and  70  degrees.  The  older  the  cream  at  the  time  of 
whipping  the  better  it  whips.  This  seems  to  be  true  up 
to  the  point  of  souring.  The  addition  of  one  heaping  tea- 
spoon of  sugar  or  10  c.  c.  of  condensed  milk  to  a  half  pint 
of  cream,  before  whipping  was  begun,  hastened  whipping 
and  made  a  better  finished  product  than  where  the  pure  cream 
was  whipped.    This  work  is  being  continued. 

Sweet  Clover  for  Pasture  for  Bairjr  Cows.  A  field  of 
eight  and  one-half  acres  of  sweet  clover  was  seeded  in  the 
spring  of  1919.  During  the  late  summer  and  fall,  at  a  time 
when  no  growth  was  being  made  in  other  pastures,  this  sweet 
clover  was  thriving  even  when  pastured  heavily.  For  a 
time  as  many  as  35  head  of  cattle  were  pasturing  on  it  and 
as  many  as  16  head  were  on  it  until  early  fall. 

More  sweet  clover  will  be  seeded  in  the  spring  of  1920  and 
accurate  notes  will  be  kept  as  to  time  of  pasturing  and  the 
number  of  cattle  pastured. 

"Soar  BttUc"  Silage.  A  section  of  the  silage  in  one  of 
the  large  silos  at  the  dairy  barn  was  inoculated  with  a  pure 
culture  of  B.  lactis  aoidi  grown  in  milk.  Ten  gallons  of  this 
eolture  was  diluted  with  twenty  gallons  of  water  and  was 
sprinkled  evenly  over  the  silage  during  the  filling.  A  section 
7  feet  in  depth  was  inoculated  in  one  of  the  14-foot  silos  at 
the  dairy  bam.  This  silage  will  be  fed  during  the  winter  of 
1919-20. 

The  Effect  of  Exercise  and  Feed  Upon  the  Vitality  and 
Breeding  Ability  of  Bolls.  The  dairy  herd  bulls  are  being  used 
in  this  investigation.     Until  a  tread-mill  was  purchased  the 
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bulls  were  given  no  special  form  of  exercise.  The  Holstein 
bull  was  very  slow  in  Berviee,  often  requiring  one-half  hour 
to  an  hour  to  make  a  service.  Neither  was  he  a  sure 
breeder.  The  same  was  true  of  the  Jersey  though  he  -was 
not  quite  so  slow  in  service  as  the  Holstein. 

Since  exercising  these  bolls  regularly  one-half  hour  each 
day  on  the  tread-mill  the  Holstein  and  Jersey  have  improved 
greatly  in  quickness  of  service  and  will  serve  cows  in  legs 
than  five  minutes.  The  spermatozoa  are  practically  100  per 
cent  alive  when  the  semen  is  fresh  and  a  considerable  number 
are  still  alive  after  being  kept  in  the  laboratory  for  30 
hours.      This  investigation  is  being  continued. 

Investigation  to  Be  Inaugurated.  Studies  in  methods  of 
of  raising  calves  where  only  a  limited  amount  of  milk  is 
available  will  be  undertaken.  These  will  include  a  compari- 
son of  skim  milk,  two  commercial  calf  meals  manufactured 
on  the  Pacific  Coast  and  a  home-mixed  feed.  Work  will  be 
started  on  this  project  in  January,  t920. 

Investigations  Needed.  Inasmuch  as  an  increasing  pro- 
portion of  the  meat  in  this  coiintrj'  and  especially  in  Wash- 
ington will  be  supplied  by  dairy  cattle,  a  detailed  study 
as  to  the  best  means  of  utilizing  the  meat  value  of  dairy 
calves  should  be  undertaken.  Should  these  calves  be  vcaledt 
If  not,  how  should  they  be  developed  and  to  what  ageT 

Other  investigations  that  should  be  conducted  include  the 
comparison  of  the  successive  cuttings  of  dry  land  and  irri- 
gated alfalfa  as  feeds  for  milk  production;  a  study  of  final 
package  pasteurization ;  and  of  the  use  of  condensed  milk  in 
the  market  milk  trade. 

The  Official  Testing  Work.  The  number  of  cows  on  test 
January  1,  1919,  to  December  1,  1919,  is  as  follows:  Guernsey 
46,  Holstein  305,  Ayrshire  34,  Jersey  244,  and  Shorthorn  3; 
or  a  total  of  632. 

The  kind  of  tests  made  January  1,  1919,  to  December  1, 
1919,  are  as  follows :  2  day,  2933 ;  7  day,  256 ;  30  day,  30 ;  and 
retests  35;  or  a  total  of  3254,  This  is  an  increase  of  29.1% 
over  1918. 
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Number  of  breeders  doing  testing  work,  January  1, 
1919,  to  December  1,  1919,  is  as  follows:  Ayrshire  4, 
Guernsey  16,  Jersey  24,  Holstein  36,  Shorthorn  1,  or  a  total 
of   81. 


DIVISION   OF  ENTOHOLOaY   AND   ZOOLOGT 
A.  L.  Melander,  in  Chars:e 

Investigational  work  looking  toward  the  control  of 
insect  pests  has  been  actively  pushed  along  several  different 
lines,   all   of   which   are   of   much   economic   importance. 

CranbeiTy  Insects.  The  study  of  the  insect  pests  of 
cranberries  in  Southwestern  Washington,  conducted  in  1918 
in  cooperation  with  the  Bureau  of  Entomologj'  of  the  U.  S. 
Department  of  Agriculture,  was  continued  and  concluded  the 
past  season.  Extensive  spraying  experiments  were  carried 
on  and  the  value  of  the  nicotine-soap  formula  for  use  against 
the  fireworm  was  determined.  Conclusions  from  the  two- 
year  cooperative  study  will  shortly  be  available  for  publica- 
tion. 

Wirewornu.  The  wireworms  and  false  wireworms  de- 
Btructive  to  wheat  in  the  dry  belt  of  the  state  have  been 
the  subject  of  a  cooperative  investigation  inaugurated  last 
April  between  this  Station  and  the  U.  S.  Bureau  of  Ento- 
mology, Much  of  the  work  was  done  at  the  Branch  Experi- 
ment Station  at  Lind.  Extensive  tests  of  baits  and  poisons 
supplemented  life  history  studies,  and  field  cultural  methods 
of  control  were  carried  on.  The  problem  from  its  very 
nature  will  require  several  years  before  definite  results  can 
be  announced  since  some  of  the  species  under  investigation 
are  biennial  or  possibly  triennial. 

Immunity  of  Insects  to  Sprays.  In  a  continuation  of 
this  project  identical  solutions  of  standard  insecticides  were 
sprayed  on  San  Jose  scale  at  Clarkston,  Walla  Walla,  Yakima, 
Tacoma  and  Wenatchee.  Incidentally  some  of  the  newer  sprays 
were  used  for  checked  comparisons.  This  work  is  being  con- 
tinued. 


D.n.iized  by  Google 


24  TWBNTT-NINTH    ANNUAL   REPORT 

Codlings  BIdtb.  In  compliance  with  many  requests  the 
codling  moth  project,  latent  for  several  years,  was  reopened. 
Comparative  studies  of  the  effects  of  several  insecticides  of 
varying  concentration  were  carried  on  at  Cashmere,  Opportu- 
nity and  Moran.  This  work  was  in  informal  cooperation  with 
the  U.  S.  Bureau  of  Entomology  and  correlated  with  the  Gov- 
ernment's study  of  the  codling  moth  at  Yakima.  Possibly  the 
most  important  development  of  the  year  was  the  formulation 
of  a  method  of  expressing  the  exact  value  of  a  spray  treat- 
ment in  terms  of  index  numbers. 

Destructiv«ness  of  Colombia  G-Foond  Sqiiirrels.  In  order 
to  determine  the  actual  destruction  of  wheat  chargeable 
against  ground  squirrels  a  series  of  yards  were  fenced  in, 
sown  to  wheat,  and  populated  with  squirrels.  This  controlled 
experiment  showed  that  each  squirrel  in  a  wheat  field  costs 
the  farmer  from  35  to  50  pounds  of  wheat  in  reduced  yield. 
As  squirrels  are  the  most  abundant  of  our  native  animals, 
the  importance  of  campaigns  of  control  is  apparent. 

Bee  Diseases.  The  formation  of  a  State  Division  of 
Apiculture  by  the  last  legislature  and  the  linking  of  its 
duties  with  the  Entomologist,  permits  cooperative  studies  of 
bee  diseases.  A  survey  of  the  distribution  of  bee  diseases  in 
Washington  was  made  and  particular  attention  was  given 
to  the  prevalence  of  bees  dying  immediately  subsequent  to 
orchard  spraying. 

IiLTe8tig:ationa  Needed  and  Planned,  It  is  planned  to 
emphasize  this  season  a  study  of  arsenical  spraying  as  a 
continuation  and  extension  of  the  cooperative  study  of  the 
codling  moth.  The  objects  in  view  include  the  following: 
(a)  to  determine  the  minimum  concentration  of  arsenical 
required  in  orchard  spraying;  (b)  to  determine  the  minimum 
number  of  applications,  and  least  amount  of  spray  liquid 
required  under  Washington  conditions;  (c)  to  devise  methods 
of  better  application  and  distribution  of  spray,  by  use  of 
adhesives  or  suspension  agents,  or  otherwise;  (d)  to  determine 
the  insecticidal  value  of  various  arsenicals;  (e)  to  survey 
the  methods  of  spraying  at  present  employed  by  orch&rdistss 
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with  a  view  to  correction  of  wrong  practices;  (f)  to  investi- 
gate the  effects  on  the  fruit  and  on  the  consumer  of  excessive 
quantities  of  spray;  (g)  to  investigate  the  results  to  bees  of 
arsenical  spraying  and  of  the  drip  on  cover-crops;  (h)  to 
determine  the  extent  of  stigmonose  caused  by  defecations  of 
poisoned  insects;  (i)  to  investigate  the  effects  on  animals  that 
feed  on  cover-crops  receiving  drip  from  excessive  spraying. 
In  addition,  the  cooperative  investigation  of  dry -land 
wireworm  will  not  be  allowed  to  lapse.  The  project  on 
insect  immunity  to  sprays  should  be  continued.  The  testing 
of  sprays  as  required  by  the  law  creating  the  State  Insecticide 
Board  should  have  increased  iittontion.  Two  new  pests,  the 
ap]ile  leaf  roller  and  the  apple  blister  niife,  have  been  par- 
ticularly prevalent  the  past  season,  and  should  receive  study 
as  should  likewise  the  subjects  of  woolly  aphis,  strawberry 
root  weevil,  red  spider  and  oil  spraying. 


DIVISION   OF   FARM   CROPS 
E.  0'.  Scbafer,   in  Charge 

Since  the  investigational  work  of  the  Division  of  Farm 
Crops  deals  largely  with  problems  of  the  growing  crop, 
the  report  here  given  covers  the  work  aceoniplisiiod  with  the 
last  crop  prodiiccd  and  harvested  prior  to  Jiine  30,  1919,  or 
the  crop  grown  in  1918.  Where  it  was  po.tsible  to  include 
data  from  the  1919  harvest  for  drawing  dofuiiti!  conclusions 
on  the  comparative  value  of  wheat,  oats  and  barley,  such  data 
were  used. 

The  work  of  the  year  included  invcHtigatioiis  on  different 
crop  varieties;  date  of  seeding  fall  wheat;  inheritance  of 
varietal  characters  of  different  cereal  crops  when  Ihoir 
varieties  arc  hybridized;  silage  crops;  methuds  of  sectl  pro- 
duction of  alfalfa  and  clovers;  value  of  a  nurse  crop;  cultiva- 
tion and  rate  of  seeding  wheat;  cultural  methods  and  crop 
rotations.  Pure  seed  and  bacterial  cultures  for  legume 
inoculation  have  been  distributed  to  farmers  in  difTercnt  pjirts 
of  the  state,  the  latter  by  the  Division  of  Bacti'i'iology. 
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Field  Crap  VarietdM.  New  varieties  of  cereals  have  been 
introduced  into  the  cereal  nursery  where  their  yield  and 
value  have  been  compared,  and  the  superior  ones  transferred 
to  the  field  plots  for  further  studies.  Table  I  gives  the  191S 
average  yield  of  the  field  and  nursery  and  a  five-year  average 
of  oomraercially  grown  wheats  and  hybrid  wheats  produced 
at  the  Washington  Experiment  Station. 

TABLE   I. 
Acre  Yield  of  Wheat  Varieties  in  Bushels 

Average  of  Average  of 

1918  Yield  1914.18  Yield 

Variety  Wash,  No.  Field  &  Nursery  Field  &  Nursery 

Ruddy   598  22.07  44.2 

Hubrid   128   ..  592  23.09  39.6 

Triplet  597  19.18  37.5 

Turkey  Red  ..  326  25.45  37.3 

Little  Club  ....  500  18.50  33.9 

Bed  Russian  ..  270  14.40  33.6 

Jones  W.  Fife  371  19.92  27.9 

Forty  Fold  ....  351  15.47  26.3 

Bluestem  362  22.89  38.9 

Bluestem   362  22.98  38.9 

Kustem    620  16.62  38.0 

Red  Chaff  420  23.92  37.1 

Marquis  576  21.56  34.1 

Baart   618  15.31 


This  table  shows  that  in  a  five-year  average,  Ruddy,  a 
hybrid  variety,  pioduced  the  largest  acre  yield.  Because 
of  the  inferior  milling  quality  of  Ruddy,  Hybrid  128  is  con- 
sidered a  more  desirable  winter  wheat,  especially  for  the 
Palouae  region,  Turkey  Red,  because  of  its  comparatively 
high  yield  and  good  quality,  and  its  hardy  character  should 
be  au  especially  desirable  wheat  for  districts  of  limited 
rainfall.  Bluestem,  because  of  its  high  yield  and  good 
quality,  is  considered  one  of  the  best  spring  wheats. 
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The  oat  varieties,  Banner  and  Abundance,  produced  the 
highest  yield  in  1918  and  for  the  average  of  a  five-year 
period. 

A  winter  barley  known  as  Wisconsin,  produced  the 
bighe.st  yield  in  1918  and  for  the  average  of  a  four-year 
period.  California  and  Beldi,  two  of  the  coast  barleys, 
produced  the  highest  yields  when  seeded  in  the  spring,  both 
in  1918  and  for  the  average  of  the  five-year  period  1914-1918, 

The  varietal  studies  with  field  peas  show  that  the  early, 
small  seeded  varieties  produced  a  larger  yield  than  the 
late  varieties.  The  yield  of  29.7  bushels  per  acre  obtained 
from  the  variety  Bangalia,  for  an  average  of  the  seven-year 
period,  1912  to.  1918,  emphasizes  the  importance  of  peas  as 
a  field  crop.  The  Mexican  Bed  produced  the  largest  yield 
of  beans,  while  none  of  the  varieties  of  soy  beans  earae 
to  maturity. 

Carrots  produced  a  larger  yield  than  any  other  kind  of 
root  crop.  The  yield  in  1918  was  28.3  tons  per  acre,  but 
only  17.07  tons  for  ah  average  of  three  years. 

Value  of  a  Nurse  Crop.  The  total  yield  of  hay  for  the 
first  year  after  seeding  was  greater  when  a  nurse  crop  of 
wheat  or  barley   was  used   in  starting  alfalfa. 

The  use  of  a  nurse  crop,  however,  reduces  the  chance 
of  getting  a  stand  of  alfalfa  and  red  clover.  The  growth 
of  red  clover  is  more  seriously  interfered  with  when  seeded 
with  a  nurse  crop  than  is  the  case  with  alfalfa. 

CnltiTation  and  Bate  of  Seeding-  Wheat.  Cultivation 
increased  the  yield  of  winter  wheat  6,8%  and  spring  wheat 
2.7%  in  1918.  The  four-year  average  shows  15.17o  increase 
in  winter  wheat  and  a  decrease  of  2.8%  in  spring  wheat  due 
to  cultivation. 

All  of  the  six  varieties  used  produced  more  grain  on  the 
plots  seeded  in  rows  6  inches  apart  than  on  an  equal  area 
where  the  rows  were  12  inches  apart.  The  12-inch  seeding, 
in  turn,  produced  more  than  the  plots  seeded  in  rows  18 
inches   apart. 
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Inheritance  of  Varietal  Characters.  The  studies  in  smut 
resistance  show  that  there  are  tuultiple  factors  for  resistance 
in  different  wheat  varieties  which  are  inheritable  indepen- 
dently, and  are  cumulative  in  effect.  No  correlatioiis  between 
resistance  and  other  Mendelian  factors  have  been  established 
up  to  the  present  time.  Turkey,  Alaskn,  Florence,  Kubanka 
and  Marquis  all  contain  elements  of  resistance  to  smut. 

Beards  are  recessive  to  awnlessness  in  a  simple  Medclian 
ratio  except  in  crosses  where  either  Turkey  or  Red  Russian 
enter  in,  as  one  of  the  parents,  in  which  ease  there  are  only 
about  one-half  as  many  bearded  segregates  as  in  other 
crosses. 

In  several  crosses  of  winter  and  spi'ing  wheats  and 
spring  barleys,  the  Fl  has  ripened  late  and  the  F2  has 
given  a  1:2:1  ratio  of  normal  spring  plants,  plants  that 
ripened  late  and  plants  that  did  not  head  out. 

The  work  this  year  proved  that  the  plants  that  ripened 
late  were  heterozygous  for  the  winter ,  habit.  This  habit, 
probably,  is  a  simple  Mendelian  major  with  minor  variations 
as  there  are  differences  in  the  method  of  development  of 
different  winter  wheats  and  barleys.  Turkey  and  Hybrid 
128  are  both  winter  wheats  but  Turkey  will  joint  in  October 
when  planted  in  April,  while  Hybrid  128   will  not. 

Marquis,  Baart  and  Kubanka  all  produce  a  certain  per- 
centage of  dwarf  plants  when  crossed  with  certain  other 
normal  varieties.  Part  of  the  F2's  indicated  a  unit  character 
but  the  F3's  in  1918  showed  the  impossibility  of  this  inter- 
pretation as  part  of  both  normal  and  dwarf  F2  segregates 
were  heterozygous  for  they  produced  both  dwarf  and  normal 
plants  in  F3.  Dwarfncss  seems  associated  with  late  ripening 
and  is  probably  linked  with  winter  habit  to  some  degree. 

Crop     Botations.        The     crop     rotation     investigations 

were  started  on  a  field  cropped  uniformly  for  two  years  in 
preparation  for  the  work.  The  field  is  divided  into  48  one- 
twentieth  acre  plots.  Twenty-two  separate  rotations  are 
included  in  the  experiment.     The  effect  of  different  cropping 
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systems  on  the  fertility  of  the  Boil  is  to  be  studied  as  well 
as  the  effect  of  different  crops  on  succeeding  crops. 

Distributioii  of  Seed.  Pare  seed  of  varieties  of  wheat, 
oats,  barley,  rye,  corn,  peas  and  artichokes,  that  have  proved 
superior  in  the  experimental  fields,  have  been  distributed  to 
different  parts  of  the  state  to  which  they  were  adapted.  A 
total  of  132,987  pounds  of  seed  was  sent  out  in  290  shipments 
and  was  distributed  in  27  counties  of  the  state. 

Bacterial  cultures  for  the  inoculation  of  legumes  have 
been  distributed  to  farmers  of  the  state  in  cooperation  with 
the  Division  of  Bacteriology.  Sufficient  bacterial  cultures  to 
inoculate  seed  for  a  total  of  11463.5  acres  have  been  supplied 
to  988  persons  and  have  gona  into  every  county  in  the  state. 


DIVISION  OF  FABM  MANAGEMENT 
Oeorge  Severance  in  Cfaar^ 

Inasmuch  as  the  Department  of  Farm  Management  was 
not  established  until  May  1, 1919,  there  is  very  little  to  roport. 
A  Memorandum  of  Agreement  for  cooperation  between  the 
Office  of  Farm  Management,  V.  S.  Department  of  Agricul- 
ture, and  the  Washington  Agricultural  Experiment  Station 
has  been  approved  and  Mr.  S.  O.  Jayne  has  been  assigned  by 
the  Office  of  Farm  Management  as  full  time  representative 
from  that  office. 

Projects  Under  Way.  A  cooperative  project  on  cost  of 
milk  production  and  dairy  farm  organization  has  been  ap- 
proved, and  from  this  work  it  is  expected  to  develop  a  formula 
for  determining  the  cost  of  milk  production  expressed  in 
terms  of  feed  and  labor.  A  study  will  also  be  made  of  dairy 
farm  organization  for  the  purpose  of  determining  the  proper 
relationship  between  dairying  and  supplementary  lines  on 
dairy  farms  and  such  minor  points  as  the  relative  economy 
of  roots  or  silage  foe  succulence,  the  growing  or  buying  of 
hay,  the  feeding  of  concentrates  on  pasture. 

As  a  basis  for  this  work,  arrangements  have  been  made 
with    dairy    farmers    at    Lynden,    Arlington,    Oak    Harbor, 
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Chimaeum,  Kent,  Emimclaw,  Chehali^.  Monte sano,  Skamo- 
kawa,  Prosser  and  Spokane  to  keep  detailed  records  of  the 
entire  farm  business  including  a  daily  record  of  labor  distri- 
bution. The  Gooperators  were  selected  by  the  county  agents 
in  the  counties  concerned  and  were  visited  by  either  Mr. 
Jayne  or  Mr,  Severance  and  given  instructions  for  keeping 
the  records.  The  majority  of  them  began  keeping  the 
records  during  October  and  November,  It  is  planned  to 
base  all  studies  subsequent  to  March  1,  1920,  on  actual 
records  rather  than  upon  farm  surveys.  It  is  also  planned 
to  increase  the  number  of  cooperators  if  possible  to  150 
through  the  aid  of  the  county  agents,  dairymen  who  are 
already  keeping  records  and  cow  testing  association  testers. 
This  division  plans  to  utilize,  as  far  as  possible,  county  agents 
and  others  who  may  wish  to  work  out  theses  along  farm 
management  lines  for  masters'  degrees — agricultural  teachers 
in  the  public  schools  of  the  state  and  leaders  of  any  agricul- 
tural organizations  that  may  become  interested  in  the  keeping 
of  records.  A  number  of  such  cooperators  are  actively  at 
work. 


DIVISION    OF    HOKTIOULTUBE 
0,  M.  Morris,  in  Charge 

The  investigational  work  in  the  Division  of  Horticulture 
dealt  with  eight  projects,  each  of  which  is  discussed  inde- 
pendently. 

Orchard  PolUnation.  In  this  project  a  study  was  made 
of  the  relation  of  orchard  pollination  and  the  proper  fertiliza- 
tion of  apple  blossoms  to  the  June  drop.  It  was  found  that 
practically  all  of  the  fruits  that  dropped  before  they  had 
attained  a  diameter  of  three-fourths  of  an  inch  contained 
no  normal  seed,  indicating  that  fertilization  had  not  been 
effective.  In  the  Jonathan  apple,  June  drop  fruits  without 
regard  to  size,  were  seedless  in  the  following  proportions : 
47%  contained  no  normal  seed;  27%  contained  normal  seed 
in  only  one  cell  of  the  core  j  18%  contained  normal  seed  in  two 
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cells  of  the  core ;  6%  contained  normal  seed  in  three  cells  of 
the  core;  none  of  the  fruits  contained  normal  seed  in  four  or 
more  cells  of  the  core.  These  figures  are  the  result  of 
couDta  made  of  fruits  collected  from  trees  under  which  a 
crop  of  field  peas  was  growing. 

In  counts  made  of  fruits  collected  under  trees  that  were 
standing  in  clean  tilled  land,  68 '/o  of  the  apples  contained  no 
Dormal  seeds;  18%  contained  normal  seeds  in  one  cell  of  the 
core;  8%  contained  normal  seed  in  two  cells  of  the  core;  5% 
contained  normal  seed- in  three  cells  of  the  core;  and  no 
fruits  contained  normal  seed  in  four  or  five  cells  of  the  core. 
Other  counts  were  made  with  similar  results. 

The  difference  in  the  amoimt  of  drop  between  land  in 
peas  and  cleau-tdled  land  indicates  that  soil  moisture  has  some 
influence  over  June  drop,  but  that  in  this  case  it  was  second- 
ary to  the  infiueuce  of  inefficient  fertilization. 

Mendel's  Law  in  Blaokbeny  and  Baspherry  Hybrids. 
This  problem  is  difficult  because  the  plants  are  pure  species 
and  do  not  have  varietal  lines  of  distinction.  Furthermore, 
the  varietal  characteristics  are  not  inheritable.  The  crosses 
necessarily  made  by  the  species  are  so  violent  that  sterility 
of  plants  is  common  and  differences  oi  chaiacter  are  differ- 
ences in  degree  and  are  not  capable  of  direct  contrast 
comparison.  It  was  possible,  however,  to  segregate  a  number 
of  pairs  of  characters  with  a  prospect  of  such  crossing  as 
would  make  possible  statistical  records  of  their  appearance. 
The  first  pair  of  characteristics  is  the  pubsecence  vs.  the 
smooth  surface  of  the  fruits.  The  cross  between  the  Logan- 
berry and  the  Lucretia  dewberry  is  being  used  for  a  study 
of  this  character.  The  second  set  of  characters  is  the  manner 
of  separation  of  the  drupes  forming  the  fruit,  from  the  core  or 
receptacle.  The  Loganberry  and  the  King  raspberry  cross 
promises  to  give  a  basis  for  a  study  of  this  character.  The 
third  characteristic  is  that  of  the  vegetative  reproduction 
of  the  plants.  The  red  raspberry  sends  up  sprouts  from  the 
roots.  The  black  cap  and  purple  cane  raspberries  produce 
sprouts   only  from  the   crown  or  base   of  the  canes.       The 
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cross  betwepi  the  Burkhard,  a  purple  cane  form,  and  the 
Marlboro  red  raspberry  promises  to  furnish  the  basis  for 
work  on  this  characteristic. 

Apple  Bosette.  Little  work  was  done  on  this  projeet. 
Some  time  was  giifin  tc  shemical  analyses  of  badly  rosetted 
twigs  and  their  foliage,  ab  compared  to  the  normal  twigs 
and  their  foliage.  The  work  was  only  preliminary,  but 
indicated  zx  much  higher  ash  and  aUtah  content  for  the 
rosetted  material  than  for  the  norjnal.  An  attpinpt  to 
reproduce  the  rosette  by  feeding  potted  treea  on  strong 
alkali  solutions  has  not  been  successful  up  to  datj.  It  is 
hoped,  however,  that  another  year  may  see  some  results  in 
this  work. 

Orchard  Cover  Crops.  Investigations  in  orctiard  e(>ver 
crops  constituted  some  of  the  more  important  work  of  the 
Division.  Data  were  secured  indicating  that  permanent 
cover  crops  such  as  alfalfa  and  clover  may  be  established 
in  orchards  without  checking  the  growth  and  production 
of  the  trees,  provided  a  sufficient  water  supply  is  available 
and  fertilizers  carrying  high  nitrate  content  are  added  at  the 
time  or  prior  to  the  date  of  seeding  of  the  cover  crop.  In 
the  Wenatchee,  Okanogan,  Yakima,  and  Spokane  Valleys 
the  tendency  of  the  growers  has  been  to  delay  soil  improve- 
ment work  until  the  orchards  show  distinct  need  for  it. 
The  cstublishment  of  the  cover  crop  u'_der  such  couditio]is 
has  usually  resulted  in  a  eoutest  between  the  cover  crop  and 
the  trci's  for  plant  food  material  and  waver  and  the  result 
has  been  a  retarding  of  the  cover  crop  development  and  an 
apparent  injury  to  the  orchard  trees. 

Renovation  of  Prone  Orchards.  Soil  improvement  in 
prune  orchards  has  been  emphasized  in  this  investigation. 
Xitrate  fertilizers  are  the  only  ones  that  have  made  any 
distinct  improvement  in  the  orchards  thus  far  studied.  In 
an  orchard  at  Felida,  Washington,  a  certain  brand  of 
orchard  dressing  consisting  of  about  90%  nitrate  of  .soda, 
with  less  th»n  10%  of  animal  by-products  from  the  slaughter 
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house,  gave  an  increased  growth  of  7,6%  above  the  checked 
plots.  Tankage  and  phosphate  rock  gave  no  increase  in 
growth.  Barnyard  manure  did  the  same  thing.  The  results 
seem  to  indicate  that  decaying  vegetation  if  abundantly 
applied  will  do  more  to  improve  the  soil  fertility  in  the 
orchards  than  any  other  material  yet  tested. 

Apple  Storage.  In  the  tests  made  in  the  winter  of  1918- 
1919  the  fruit  produced  in  the  warmer  valleys  went  down 
in  storage  before  the  material  of  the  same  valleys  secured 
from  the  cooler  and  more  elevated  sections.  Data  relative 
to  the  condition  of  the  fruit  at  the  time  of  picking,  differ- 
ences in  soil,  ete.,  are  not  yet  sufficiently  comprehensive  to 
make  the  work  more  than  suggestive. 

Seed  Potato  Production.  The  work  on  seed  potato 
production  is  just  organized  and  the  first  crop  was  produced 
in  the  season  of  19 W.  Only  one  season's  selection  has  been 
made  and  no  results  other  than  report  of  progress  can  lie 
made  at  this  time. 

Pmit  Evaporation  tmd  By-Products.  The  work  on  fmit 
evaporation  and  by-products  in  the  year  just  closed  was 
preiiminary.  In  evaporation  of  appli's  no  apparent  favorable 
results  were  obtained  by  dipping  the  fruit  in  a  solution 
before  drying.  The  circulation  of  air  in  the  drying  kiln 
is  one  point  in  the  commercial  work  that  should  be  carefully 
investigated  and  tested.  In  work  with  the  small  laboratory 
evaporators  it  was  found  that  added  circulation  with  a  fun 
greatly  increased  the  rate  of  drying  without  increasing  the 
quantitj'  of  heat  generated.  Tests  were  made  with  applo 
syrup  to  determine  i£  the  boiling  point  could  he  used  as  a 
gauge  to  determine  when  the  material  had  been  sufficiently 
concentrated  to  keep.  These  tests  showed  that  at  the 
elevation  of  Pullman,  2500  feet,  material  that  was  concen- 
trated to  a  boiling  point  of  103  degrees  C  was  not  uniformly 
satisfactory.  Material  that  was  concentrated  at  a  boiling 
point  of  104  degrees  C.  kept  satisfactorily  with  only  a  few 
exceptions    which    possibly    were    due    to    errors    in    work. 
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Material  that  was  concentrated  at  a  boiling  point  of  105 
degrees  C,  has  kept  in  perfect  condition  without  exception. 
Further  work  is  needed,  however,  before  this  method  can  be 
advocated  for  public  use. 

Investigations  Needed.  There  are  many  other  problems 
aeffcting  fruit  and  vegetable  production  in  the  stute  of 
Washington  which  should  be  given  attention  by  the  Division 
of  Horticulture.  Among  these  may  be  mentioned  potato 
breeding  and  the  production  of  seed  potatoes — a  project  just 
initiated ;  the  production  of  vegetable  seeds,  especially  cabbage 
and  cauliflower;  the  manufacture  and  storage  of  fruit  pro- 
ducts ;  the  construction  of  fruit  storage  houses  and  fruit 
Storage  and  warehouse  management.  Such  problems  as  the  . 
retarding  of  the  blossoming  date  of  stone  fruits,  the  growing 
of  grapes,  and  the  management  of  cranberry  bogs  also  are 
deserving  of  attention. 


DIVISION   OF   PLANT   PATHOLOaY 
F.  J).  Heald,  in  Ohai^ 

The  Division  of  Plant  Pathology  for  the  year  has  confined 
its  activities  to  six  projects:  Bunt  or  stinking  smut  of 
wheat;  the  Rhizoctonia  disease  of  potato,  tomato  and  other 
crops ;  fire  blight  of  apple  and  pear ;  the  Plant  Disease 
Survey  conducted  in  cooperation  with  the  Plant  Disease 
Survey  of  the  U.  S.  Department  of  Agriculture;  the  covered 
smut  of  oats  (Ustiiago  levis),  and  the  covered  smut  of  barley 
(Ustilago  hordei). 

Wheat  Smut.  The  work  on  wheat  smut  has  included 
both  Fall  and  Spring  plantings  at  the  "  Pathologium ''  as 
well  as  laboratory  determinations  and  a  number  of  experi- 
ments have  been  completed.  These  dealt  with  various 
phases  of  the  smut  problem,  including  seed  treatment,  the 
continuous  use  of  formaldehyde  solutions,  relation  of  time  of 
planting  to  per  cent  of  smut  in  crop,  comparative  resistance 
of  both  winter  and  spring  wheats,  selection  for  smut  resis- 
tance, a  determination  of  the  relation  of  spore  load  of  the 


D.n.iized  by  Google 


WASHINGTON  AGRICULTURAL  EXPERIMENT  STATION     35 

seed  to  the  per  cent  of  smut  appearing  in  the  crop,  effect  of 
depth  of  planting  and  planting  in  trenches  on  the  amount 
of  smut,  the  effect  of  variation  of  spacing  on  the  per  cent 
of  smut,  the  determination  of  seed  injurj-  and  smut  protec- 
tion from  farm  seed  treatments,  and  a  eomparison  of  the 
sack,  open  tank  and  Haskell  methods  of  seed  treatment. 

Some  of  the  results  may  be  briefly  summarized  as 
follows : 

1.  A  standard  formaldehyde  solution  kept  in  a  barrel 
in  the  open  was  used  continuously  through  a  period  of  three 
months  without  losing  its  effectiveness  or  injuring  the  treated 
seed- 

2.  Shallow  planting  gives  le^  smut  than  deep  planting; 
trenching  less  than  level  planting;  wide  spacing  lessens  the 
sntut  of  resistant  varieties,  but  has  little  effect  on  suscep- 
tible varieties. 

3.  The  quantity  of  smut  on  seedings  in  clean  ground 
varies  with  the  spore  load,  over  40,000  spores  per  grain  being 
required  to  give  maximum  smutting.  There  is  a  minimum 
spore  load  which  gives  either  a  small  per  cent  of  smut  or 
none  at  all.  The  'accumulated  data  point  to  a  multiple 
infectifin,  rather  than  infection  from  a  single  spore. 

4.  Using  two  varieties  of  spring  wheat,  equ^ly  good 
protection  was  obtained  by  using  the  sack  and  open  tank 
methods  of  seed  treatment,  but  the  Haskell  method  did  not 
prove  effeetive- 

5.  Of  116  varieties  of  winter  wheat  tested  for  smut 
resistance,  none  was  smut-free,  but  certain  strains  of  Turkey 
continued  to  show  the  least  smut;  of  86  spring  varieties 
tested,  six  remained  smut-free.  Different  strains  of  the 
same  variety,  from  different  regions,  have  shown  wide  varia- 
tion in  the  quantity  of  smut  in  the  crop. 

The  Bhizoctonia  DiBease  The  work  on  the  Rhizoctonia 
diseases  has  been  confined  largely  to  experiments  with  toma- 
toes and  potatoes.  Tomato  plants  inoculated  with  pure  cul- 
tures of   Rhizoctonia  from   the   potato   gave   90%    of   blight 
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«s  compared  with  58%  in  the  uninoculated  plants,  but  inocula- 
tion with  infected  potato  peels  did  not  increase  the  per  cent 
of  blight.  The  experiments  with  potato  Rhizoctonia  included 
tests  of  the  standard  seed  treatment,  varying  both  strength 
and  time,  a  comparison  of  seed  treatment  versus  seed  selec- 
tion, effect  of  spacing  on  the  per  cent  of  Rhizoctonia-infeeted 
tubers,  the  effect  of  Bordeaux  as  a  stimulation  spray,  and 
the  effect  of  different  fertilizers.  The  following  summary 
statements  give  some  of  the  more  important  resolts; 

1.  The  standard  corrosive  sublimate  treatmeDt  of  seed  retards 
germination  and  lowers  the  yield  if  applied  to  sprouted 
seed   stock,   but   increases  the  per   cent  of  clean   tubers. 

2.  Using  a  single  lot  of  infected  seed  (three  varieties) , 
selected  visibly  clean,  untreated  seed  has  given  higher 
yields  of  table  stock  than  treated  infected  seed  when 
Iratment  was  delayed  until  the  seed  stock  had  sprouted. 

3.  Clean  treated  seed  has  given  a  lower  yield  than  infected 
untreated  seed,  but  the  treatment  very  greatly  increases 
the  per  cent  of  clean  tubers. 

4.  None  of  the  fertilizers  used  has  increased  the  per  cent  of 
clean  tubers  when  clean  treated  seed  was  used,  but  with 
untreated  infected  seed  there  has  been  a  slight  increase 
in  the  per  cent  of  clean  tubers  over  the  unfertilized  plots, 
sulphur  giving  the  greatest  increase. 

5.  Bordeaux  spraying  showed  no  material  increase  of  yield 
or  of  clean  tubers  in  our  Rhizoctonia  plots. 

6.  Continued  field  observations  have  shown  that  Rhizoctonia 
diseases  are  of  increasing  importance  in  the  state,  a  number 
of  new  hosts  being  found.  This  trouble  has  proved  to  be 
a  common  cause  of  the  dying  out  of  strawberry  beds, 
especially  in  Western  Washington.  A  severe  attack  of 
onions,  previously  supposed  to  be  immune  to  Rhizoctonia, 
has  been  brought  to  our  attention  (See  Plant  Disease 
Survey). 

Plant  Disease  Suirey.     The  Plant  Disease  Survey  of  the 
state  has  shown  a  number  of  troubles  that  were  not  previously 
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known  to  occur  in  Washington,  and  a  number  of  others  that 
are  imperfectly  known  but  have  been  increasing  in  importance. 
The  following  may  be  mentioned: 

Loose  smut  of  barley  (Ustilago  nuda),  head  smut  of 
com  (Sphaeelotheea^reiliana),  cranberry  hypertrophy  (Exo- 
basidium  sp.),  die  back  of  gooseberry  and  currant  {Botrytis 
sp.),  bacterial  blight  of  magnolia  blossoms  (species  undeter- 
mined), Cytospora  canker  of  maple  (Cytospora  sp.).  Hel- 
minthosporium  disease  of  oats  (Helminthosporium  avenae), 
stem  rust  of  oats  (Puccinia  graminis),  Rhizoctonia  disease  of 
onions  (Rhizoctonia  sp.),  neck  rot  of  onions  (Botrytis  alii), 
leaf  blight  of  Ornithogallum  (Heterosporium  ornithogalli), 
frost  injury  of  raspberry  followed  by  bacterial  invasion,  pine 
rust  ( Periderm ium  flamentosum),  spinach  rust  (Puccinia  sub- 
nitens),  foot-rot  of  wheat,  fungus  uncertain,  and  frost  injury 
to  wheat  when  winter  wheat  was  just  coming  into  head. 

A  bulletin  describing  all  the  plant  diseases  of  the  state 
which  have  been  studied  during  the  seasons  of  1915  to  1918 
inclusive  has  been  prepared  and  is  ready  for  publication. 

Oat   Smut.       The   experiments    with    oat   smut    may   be 
briefly  summarized  as  follows: 
\.    The  comparison  of  the  sack,  sprinkle  and  dry  or  Haskell 

methods  of  seed  treatment  gave  the  best  results  with  the 

dry  method. 

2,  The  per  cent  of  smut  varies  with  the  time  of  planting. 
Early  planting  gave  a  low  per  cent  with  a  gradual 
increase  to  a  maximum  and  thereafter  a  fluctuating  de- 
crease. 

3.  The  tests  of  varieties  for  resistanc.  have  ah'-Tr  ;  nunibT 
that  remamed  entirely  free  from  smut  under  conditions 
for  producing  maximum  infection.  L»ifferent  strains  of 
the  same  variety  obtained  from  different  regions  have 
sho^vn  much  variation  in  the  per  cent  of  smut  when 
planted  side  by  side. 

Little  work  has  been  done  on  the  fire  blight  project  or 
on  barley  smut.  Both  should  receive  attention  as  soon  as 
funds  and  assistance  are  available. 
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Inyestigatioss  Needed.  A  number  of  very  important 
disease  problems  have  remained  untouched.  There  has 
been  much  demand  for  more  information  on  the  cause  and 
method  of  prevention  of  crown  or  -ooUar  rot  of  fruit  trees, 
and  this  disease  should  be  investigated  as  soon  as  possible. 
A  new  disease  of  wheat,  the  foot-rot,  similar  to,  if  not  identical 
with  the  serious  Australian  "take-all,"  has  been  found  in 
widely  separated  parts  of  the  state.  This  disease  is  very 
imperfectly  known,  and  would  therefore  justify  special 
work  on  its  etiology  and  prevention  or  control.  A  study  of 
the  comparative  efficiency  of  dusting  and  spraying  for  the 
control  of  fruit  diseases  would  meet  a  popular  demand  for 
information.  There  are  many  other  disease  problems  of 
importance  that  need  attention,  such  as :  cranberry  diseases, 
the  Helminthosporium  disease  of  oats,  the  Rhynchosporium 
disease  of  barley,  the  Fusarium  rot  of  onions,  and  the  rust 
of  spinach. 


DIVISION    OF    SOILS 

F.  J.  Sieven,  in  Charge 
Soil  Fertility  Investijcatioiis  in  Western  Washington.  The 
work  on  this  project  was  carried  on  in  cooperation  with 
the  County  Agents.  Many  reports  were  received  showing 
the  benefit  of  specific  fertilizer  applications  on  definite  soil 
types.  While  it  has  been  impossible  to  draw  fixed  eon- 
elusions,  it  can  be  said  that  there  are  many  soil  types  in 
Western  Washington  that  are  deficient  in  plant  food.  These 
soils  respond  to  treatment  varying  all  the  way  from  the 
application  of  a  single  element  to  any  combination  of  the 
four  elements,  nitrogen,  potassium,  phosphorous  and  calcium 
in  the  form  of  lime.  Much  work  in  the  field  as  well  as  a 
definite  system  of  mapping  needs  to  be  carried  on  before 
sufficient    information    is    available    to    furnish    the    greatest 


The  Nitrogen  Supply  in  Semi-Arid  Soils.  Plots  of  1/20 
acre  were  laid  out  on  Wilson  field  at  the  College  farm  and 
definite  plans  made  for  field  work  at  the  branch  stations  at 
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Lind  and  Waterville.  A  considerable  portion  of  the  planned 
work  is  also  under  way  in  the  plant  house.  Because  the 
results  up  to  date  are  still  very  closely  associated  with  the 
soil  moisture  project,  it  was  thought  best,  for  the  present 
at  least,  to  report  all  work  under  soil  moisture  studies. 

Soil  Hoistitre  Studies.  This  project  received  the  most 
attention  during  the  past  year.  The  tillage  plots  were 
divided  so  that  a  crop  could  be  obtained  every  year  instead 
of  every  other  year  as  formerly.  One-half  of  each  plot  was 
seeded  to  spring  wheat  (Bluestom)  and  the  other  half  was 
subjected  to  the  various  methods  of  summer  fallow  as 
originally  planned.  The  plots  seeded  to  spring  wheat  showed 
no  variation  in  yield  or  nitrates  in  the  soil.  Thi.s  is  consistent 
with  the  findings  of  previous  years  in  that  the  yield  of  grain 
is  proportional  to  the  percentage  of  nitrates  in  the  soil. 

The  summer  fallowed  plots  showed  decided  variations 
in  moisture  and  nitrate  content  as  affected  by  different  times 
and  methods  of  tillage.  The  results  were  more  pronounced 
than  ever  in  emphasizing  the  fact  that  the  greateKt  quantity 
of  available  nitrogen  is  developed  under  those  conditions 
where  the  tillage  practiced  retains  the  highest  percentage  of 
moisture  in  the  surface  foot  of  soil  for  the  greatest  length 
of  time  during  the  warm  portion  of  the  year.  The  most  favor- 
able condition  resulted  from  early  spring  tillage  followed  by 
such  subse(|uent  tillage  as  was  necessary  to  keep  down  the 
weeds. 

The  crop  residue  and  nitrate  plots  on  the  College  farm 
were  favored  by  a  good  season  and  excellent  results  were 
obtained.  Convincing  evidence  was  obtained  that  nitrogen 
as  well  as  moisture  is  one  of  the  chief  limiting  factors  in 
wheat  production.  Nitrogen  fertilizers  were  used  as  a  sub- 
stitute for  summer  fallow  with  the  result  that  increases  in 
yield  were  obtained  on  all  plots.  The  efficiency  of  the 
fertilizer,  however,  is  affected  by  the  time  of  application  and 
by  the  kind  of  wheat  on  which  it  is  used.  Best  results  on 
spring  wheat  were  obtained  when  the  fertilizer  was  applied 
to   the  soil   in  the   fall   while   on   winter  wheat  best  results 
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were  obtained  when  the  application  was  made  in  the  spring. 
The  average  increase  where  the  equivalent  of  II  pounds  of 
nitrogen  was  applied  per  acre  was  4.65  bushels  while  where 
22  pounds  of  nitrogen  was  applied  the  increase  was  8.3 
bushels. 

On  all  plots  where  straw  was  applied  there  was  a  decrease 
in  yield.  This  depressing  effect  of  straw  was  in  part  overcome 
by  supplementing  the  straw  application  with  a  nitrogen  fer- 
tilizer. "When  all  of  the  plots  receiving  straw  are  compared 
to  those  not  so  treated,  the  data  show  a  decrease  in  yield  of 
3.63  bushels  per  acre  caused  by  the  straw. 

Nitrate  of  soda  showed  a  decidedly  greater  efficiency 
than    ammonium    sulphate    as    a    fertilizer    during    the    last 


On  plots  where  straw  was  applied  and  disked  into  the 
soil  the  yield  per  acre  was  4.4  bushels  greater  than  on  plots 
where  straw  was  applied  without  disking. 

Detailed  experimental  work  on  the  definite  effect  of 
moisture  and  nitrate  on  the  wheat  plant  shows  the  following 
results : 

The  number  of  stools  and  the  weight  of  the  plant  are 
in  direct  proportion  to  the  quantity  of  available  nitrogen  in 
the  soil  at  the  time  when  stooling  takes  place. 

The  composition  of  young  wheat  plants  of  the  same 
age  is  about  the  same  under  all  soil  conditions,  but  this 
composition  varies  as  the  plant  develops  and  the  nitrogen 
content  of  plants  grown  on  soil  rich  in  nitrogen  is  highest. 

Nitrification  takes  place  in  Palou.sc  silt  loam  very  slowly 
when  the  moisture  content  of  the  soil  is  below  1591-. 

Crop  Eesidue  Work  in  Jars.  That  the  organic  matter  in 
Palouse  soil  is  rapidly  being  depleted  is  evidenced  by  the 
fact  th;it  results  from  determinations  already  show  a  loss  of 
over  23%  as  a  direct  result  of  the  summer  fallow  system  for 
a  period  of  30  years. 

Results  obtained  show  that  where  straw  was  added  to 
the  soil  the  nitrate  originally  present  almost  immi-diatoly 
disappearcd  and  although  this  condition  was  gradually  nvpr- 
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come,  the  subsequent  nitrification  was  in  inverse  order  to 
the   quantity   of   straw   applied. 

The  decrease  in  nitrates  and  the  depressing  effect  of  the 
straw  was  most  pronounced  when  applied  to  soils  already 
low  in  organic  matter.  Soils  from  the  north  hill  slopes  can 
withstand  a  heavier  application  of  straw  than  those  from 
the  hill  tops. 

The  depressing  effect  on  the  yield  of  an  application  of 
Btraw  is  most  pronounced  when  such  application  is  made 
shortly  before  the  grain  is  seeded-  Flowing  under  straw 
or  even  heavy  stubble  in  the  spring  for  spring  wheat  should 
be  avoided.  Better  results  are  obtained  when  this  stubble 
or  straw  has  had  more  time  to  decay  before  the  grain  is 
seeded. 

All  data  point  conclusively  to  the  fact  that  the  diffi- 
culty of  increasing  the  organic  matter  in  the  soil  becomes 
increasingly  greater  as  the  natural  supply  in  the  soil  becomes 
more  and  more  depleted. 

S<^  Work  on  the  Adams  Branch  Station,  Lind,  Wash. 
In  tBis  section  of  the  state  where  rainfall  is  decidedly  limited, 
it  was  always  supposed  that  moisture  was  the  only  limiting 
factor  in  crop  production.  Present  results  show,  however, 
that  nitrates  are  about  as^^important  as  moisture  and  that 
both  or  either  one  separately  may  limit  the  yield.  Whero 
early  summer  fallow  tillage  is  practiced  and  nitrification 
goes  on  very  rapidly,  moisture  becomes  the  limiting  factor, 
while  in  the  ordinary  or  later  summer  fallow,  where  the 
period  for  nitrification  is  very  short,  nitrogen  may  become 
the  limiting  factor. 

On  all  plots  where  early  summer  fallow  was  practiced 
and  where  the  nitrates  in  the  soil  ran  high,  the  least  quantity 
of  water  was  required  to  produce  a  pound  of  dry  matter. 
On  all  plots  irrespective  of  the  tillage  practiced,  the  moisture 
m  the  soil  was  exhausted  at  the  end  of  the  growing  season 
but  in  the  early  tilled  plots  the  soil  still  contained  a  large 
quantity   of   available  nitrogen   after   the   crop   was   mature. 
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The  results  from  the  application  of  crop  residues  and  the 
growing  of  green  manuring  crops  were  not  sufficiently  con- 
clusive to  merit  much  consideration  except  that  moisture  is 
so  decidedly  the  limiting  factor  either  by  indirectly  supplying 
the  needs  of  the  growing  plant  or  by  indirectly  supplying 
the  needs  for  nitrification  that  any  practice  that  decreases 
the  moistui'e  supply  in  the  soil  becomes  a  decided  handicap. 
At  present  all  practices  that  interfei-e  with  early  summer 
fallow   cannot   be   advocated   except   at   a   sacrifice   in  yield, 

Miscellanecms  Work  in  Soils.  About  390  soil  samples 
sent  in  by  farmers  were  tested ;  20  samples  of  lime  and  marl 
analyzed ;  and  75  soil  samples  tested  for  alkali.  Two  soil 
surveys  on  proposed  irrigation  projects  were  made  and  18 
press  bulletins  prepared. 

Additional  Investigations  Needed.  The  work  of  all  pro- 
jects at  present  under  way  is  incomplete  in  that  it  lacks  in 
much  detailed  information  necessary  to  fit  the  definite  facts 
established  into  farm  management  practice.  The  stations 
at  Pullman,  Lind,  Waterville  and  Prosser  offer  splendid  oppor- 
tunities to  gain  this  information  on  definite  soil  types  lyider 
different  climatic  conditions.  Much  information  is  still 
lacking  on  the  following  points  which  have  a  direct  bearing 
on  the  permanency  of  agriculture :  the  part  played  by  free 
nitrogen  fixation;  the  possibilities  of  nitrogen  fixation  by 
legumes ;  the  best  use  of  barnyard  manure  and  crop  residues ; 
the  results  of  various  rotation  systems  and  the  classification 
of  soils  from  the  standpoint  of  fertilizer  requirements. 

Soil  Surveys  in  cooperation  with  the  U.  S.  Department 
of  Agriculture  should  be  made  of  the  more  important  agri- 
cultural areas  of  the  state.  Many  other  problems  such  as 
the  best  use  of  irrigation  water  for  various  crops,  develop- 
ment and  management  of  marsh  soils,  the  improvement  of 
soils  in  cut-over  lands,  the  use  of  lime  in  Western  "Wash- 
ington and  land  drainage  in  the  Palouse  and  in  irrigated 
Washington  and  Western  Washington  merit  early  attention. 
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DIVISION    OF    VETERXNAST   SCIENOE 
J.  W.  Ealkiu,  in  Charge 

Giritre  and  Associated  Gonditions  in  Domestic  Animals. 
The  investigational  work  which  has  been  conducted  at  the 
temporarj'  experiment  station  in  the  Methow  Valley  since 
1915  was  this  year  completed  and  the  experimental  animals 
disposed  of.  The  experiments  conducted  during  the  past 
year  were  chiefly  in  the  form  of  further  determination  of 
the  value  of  iodine  in  the  prevention  of  goitre  and  hairless- 
ness. 

During  the  season  of  1917-18,  it  was  demonstrated  that 
goitre  and  hairlessness  in  newborn  angora  kids  could  be 
absolutely  prevented  by  the  administration  to  pregnant 
females  of  iodine  in  various  forms  and  by  different  methods. 
Poor  lots  of  angora  does  were  used  for  the  experiment. 
One  lot  was  left  untreated;  one  lot  was  treated  by  admin- 
istration of  2  grains  of  potassium  iodide  daily  to  each 
animal;  another  by  subcutaneous  injection  of  5  mils  of  a 
10%  solution  of  tincture  of  iodine  once  a  week;  and  another 
by  pouriog  1  mil  of  tincture  of  iodine  on  the  skin  of  each 
animal  once  a  week.  The  treatment  was  continued  through- 
out pregnancy  and  in  every  instance  the  young  were  normal 
at  birth  while  the  young  of  the  untreated  docs  were  affected 
with  goitre   and  hairlessness. 

This  type  of  work  was  continued  during  the  season 
1918-19  with  the  same  animals.  The  purpose  during  the 
last  season,  however,  was,  first  r  to  determine  if  a  smaller 
quantity  of  iodine  given  less  frequently  would  serve  to  prevent 
the  disease ;  second :  to  verify  further  the  efficacy  of  iodine 
in  preventing  goitre  by  administering  it  to  those  does  which 
give  birth  to  goitrous  and  hairless  kids  the  previous  season 
because  of  having  been  used  as  untreated  cheeks,  and,  third ; 
to  determine  if  a  sufficient  quantity  of  iodine  was  stored  in 
the  body  of  a  treated  doe  to  supply  the  needs  of  the  young 
in  utero  during  the  subsequent  pregnancy  without  treatment. 

Inasmuch  as  application  of  tincture  of  iodine  to  the 
skin  gave  just  as  good  results  as  any  other  form  of  adminiK- 
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tration  and  because  this  is  the  most  practical  method  for 
ordinary  use,  it  was  resorted  to  entirely  in  this  year's  work. 
All  of  the  treated  does  received  one  mil  of  tincture  of 
iodine  which  was  poured  on  the  sltin  once  every  two  weeks 
throughout  pregnancy.  In  this  way  only  half  as  much  of  the 
drug  was  used  as  during  the  previous  gestation  period. 
Results  of  this  treatment  were  uniform  and  satisfactory; 
no  indication  of  goitre  or  hairlessnesB  waa  evident  in  the 
young.  The  results  of  some  of  the  field  experiments 
carried  on  in  cooperation  with  stock  owners  indicate  that 
in  all  probability  even  smaller  doses  of  iodine  and  less 
frequent  application  will  produce  the  desired  effect.  Mention 
will  be  made  of  these  later. 

It  is  quite  evident  that  iodine  administered  to  the  does 
during  one  gestation  period  has  a  decided  influence  in  pre- 
venting goitre  in  the  young  during  the  subsequent  period. 
Treatment  of  those  does,  however,  with  the  above  dosage 
of  iodine,  which  were  previously  untreated  resulted  in  the 
prevention  of  goitre  in  the  young.  This  further  verifies 
the  efficacy  of  iodine  and  also  indicates  that  smaller  doses 
are  sufficient. 

One  lot  of  angora  does,  which  were  treated  during  the 
season  of  1917-18.  were  left  untreated  during  the  following 
season.  Two  of  the  does  in  this  lot  gave  birth  to  perfectly 
normal  kids  which  indicates  that  treatment  with  iodine  during 
the  previous  pregnancy  effectively  prevented  goitre,  but  one 
doe  gave  birth  to  young  which  were  affected  with  goitre  and 
hairlesaness.  Apparently  there  is  a  great  variation  in 
individuals;  some  retaining  a  sufficient  quantity  of  iodine 
to  supply  the  needs  of  the  young  in  a  subsequent  gestation 
period,  while  others  must  be  treated  during  every  pregnancy 
in  order  to  supply  those  needs.  Results  show  that  it  is  unsafe 
to  depend  on  previous  treatment  as  a  preventive  of  goitre 
and  as  the  cost  of  treatment  is  negligible  it  is  apparent  that 
it  should  not  be  neglected. 

Iodine  also  has  been  administered  experimentally  during 
the  past  two  seasons  to  sheep  in  the  same  way  as  to  goats. 
Sheep    are    not   so   susceptible   to    goitre    as    goats   and   the 
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young  do  not  show  the  conditio^  with  such  regularity  and 
in  as  high  percentage  of  cases.  For  this  reason  it  has  been 
impossible  to  control  the  results  with  these  animals.  In 
every  instance,  however,  where  iodine  was  administered  to 
ewes  during  pregnancy  the  young  showed  no  indication  of 
goitre  or  hairlessness.  This  was  true  not  only  in  the  sheep 
used  at  the  station,  but  the  same  results  were  experienced 
by  practical  stockmen  who  used  the  treatment  according 
to  direction. 

Up  to  the  present  time  it  has  not  been  possible  to 
demonstrate,  with  suitable  check  experiments,  the  efficacy 
of  iodine  in  the  prevention  of  hairless  pigs.  An  extensive 
study  of  this  disease,  including  histological  examination  and 
chemical  analyses  of  many  thyroid  glands,  shows  this  condi- 
tion to  be  the  same  as  goitre  affecting  the  other  species  of 
domestic  animals.  Experimental  feeding  has  been  conducted 
with  24  head  of  sows  at  the  Methow  Station  during  the 
past  four  seasons,  for  the  purpose  of  determining  the  source 
of  the  cause  of  goitre.  Eesults  of  these  experiments  were 
so  variable  that  no  definite  conclusions  could  be  deduced. 
Practically  ail  of  the  experimental  sows  farrowed  normal  pigs 
and  hence  it  was  impossible  to  select  individuals  for  use  in 
iodine  treatment. 

The  results  of  field  experiments  with  sows  conducted 
by  this  station,  as  well  as  by  the  Montana  and  Wisconsin 
Stations,  seem  to  indicate  that  hairlessness  among  pigs  can 
be  prevented  by  administering  iodine  to  pregnant  sows. 

In  addition  to  the  work  done  at  the  Methow  Station, 
cooperative  field  experiments  were  conducted  with  practical 
stockmen.  Iodine  was  furnished  by  the  Experiment  Station 
free  of  charge  to  all  applicants  who  agreed  to  use  it  as 
prescribed  and  to  report  results  of  the  treatment.  During 
the  past  season  35  stockmen  living  in  goitrous  districts 
made  application  for  the  iodine  treatment  to  be  used  on 
the  following  animals;  26  mares,  212  cows,  67  ewes  and  45 
sows.  Twenty-four  applicants  made  final  reports  of  the 
resalts  obtained  in  treating  20  mares,  149  cows,  67  ewes  and 
33  sows.     Of  these  11  marcs,  137  cows,  66  ewes  and  24  sows 
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dropped  young.  In  every  instance  the  young  were  bom 
with  no  indication  of  goitre  or  hairleaaness.  AH  aoimals  were 
treated  by  applying  tincture  of  iodine  on  the  skin  once  every 
two  weeks,  The  dosage  used  for  mares  and  cows  was  one 
teaspoonful*  and  for  smaller  animals  one-half  teaspoonful. 
The  number  of  applications  varied  from  three  to  20.  Similar 
cooperative  work  is  being  conducted  this  year. 

New  Investigations  Planned.  Investigation  of  a  disease 
known  as  "orchard  horse  disease,"  occurring  in  the  irrigated 
orchard  districts  of  Washington,  is  now  being  carried  on. 

Plans  are  also  being  made  to  investigate  sheep  diseases 
as  soon  as  funds  are  available  for  the  purpose.  Each  year 
large  numbers  of  sheep  are  lost  when  bands  are  brought  on- 
to summer  range.  It  is  believed  by  some  that  the  losses 
are  due  to  infection,  while  others  attribute  it  to  plant 
poisoning.  An  investigation  of  these  losses  should  be 
conducted  in  order  definitely  to  determine  the  cause  and  find 
a  suitable  method  of  prevention.  It  is  hoped  that  some 
time  can  also  be  devoted  by  the  Station  Veterinarian  to  the 
investigation  of  red  water  in  cattle,  which  is  so  common  in 
many  districts  west  of  the  Cascade  Mountains. 

Additional  Investigations  Needed.  There  are  many 
other  livestock  disease  problems  in  the  state  which  are  much 
in  need  of  investigation.  Among  these  may  be  named  con- 
tagious abortion  of  cattle,  walking  disease  and  pernicious  ' 
anaemia  of  horses,  and  poultry  diseases. 


THE   ADAMS    BRANCH    EXPERIMENT    STATION 

M.  A.   McCaU,  in   Oharg« 

Investigational  work  on  the  Adams  Station  for  this 
report  year  is  still  in  the  preliminary  state.  In  establishing 
experimental  work  in  a  new  locality  this  preliminary  work 
is  essential  before  undertaking  fundamental  investigations, 
in  order  to  determine  crops,  varipties,  and  general  practices 
which  should  be  followed.       Particularly  is  this  true   when 
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conditions  in  the  locality  where  the  work  is  being  undertaken 
are  such  that  practices  followed  or  crops  to  be  grown  are 
widely  different  from  those  ordinarily  followed  or  used. 

Central  Washington  is  devoted  to  an  almost  exclusive 
production  of  wheat,  based  on  a  summer  fallow  tillage  system, 
and  present  knowledge  is  such  that  no  suggestion  for  any 
marked  change  can  be  offered.  Experimental  work  on  the 
station  is  therefore  devoted  primarily  to  the  ijivestigation  of 
wheat  production  problems,  with  side  lines  looking  to  the 
development  of  supplemental  crops,  and  possible  improvement 
in  system. 

The  crop  year  of  1918,  that  covered  by  the  period  of 
this  report,  was  extremely  unfavorable  for  crop  production. 
Moisture  was  very  short,  and  results  secured  cannot  therefore 
be  acc>.-pted  as  applying  in  their  entirety  to  more  normal 
conditions.  The  value  of  the  results  secured  lies  largely  in 
their    application    to    conditions    of    extreme    adversity. 

Of  the  winter  wheats  under  test,  Turkey  Red  {Washing- 
ton 326)  proved  most  drouth  resistant,  and  was  best  in 
yield  and  quality,  Jones  Fife,  a  popular  variety  of  the 
district,  was  almost  as  good  in  yield,  but  not  as  good  in 
quality. 

Results  of  tests  of  depth  of  seeding  for  very  late  fall 
with  winter  wheat  indicate  the  desirability  of  shallow  seeding. 

Depth  Stand  in 

of  Thousands  Yield  per  Acre 

Seeding  per  Acre  Bu.  Grain  Lbs.  Straw 

1       inch  237  7.00  680 

2V2  inches   157  7.41  640 

4^_  inches   171         _  _     _     7.33  530 

The  lighter  stands  gave  slightly  greater  yields  due  to 
shortage  of  moisture,  but  the  difference  in  stand  secured 
indicates  the  shallow  seeding  as  preferable  in  securing  a 
stand. 

Early  Baart  (Washington  618)  was  the  best  yielding 
variety  of  spring  wheat  grown  on  the  station,  averaging 
about  35%  greater  return  than  Bluestem,  the  one-time  leading 
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spring  wheat  of  this  part  of  Central  Washington.  Yields 
secured  from  peas  do  not,  however,  compare  very  favorably 
with  wheat.  The  best  winter  wheat  gave  a  yield  of  6.8 
bushels  per  acre,  and  the  best. variety  of  field  peas  5.3 
bushels  per  acre.  On  a  percentage  basis  these  differences 
are  considerable  and  under  more  normal  conditions  would 
give  a  still  larger  margin  in  favor  of  wheat. 

The  most  important  experiments  on  the  station,  those 
dealing  with  tillage  methods  for  fallow  and  with  soil  problems, 
have  not  reached  a  stage  justifying  even  preliminary  report. 
In  another  season  or  two  these  experiments  should  be  supply- 
ing very  valuable  information  for  the  guidance  of  farm  prac- 
tice in  the  area  served  by  this  station. 


THE    WATERVILLE    BRANCH    STATION 
0.  E.  Hill,  in  Charge 

The  Waterville  Station  now  consists  of  215  acres.  The 
new  farm  of  160  acres  leased  in  1917  was  given  a  permanent 
lay-out  and  cropped  to  experimental  work  for  the  first  time 
this  year.  The  investigations  have  been  planned  with  a 
view  of  answering  the  needs  of  this  section  as  completely 
as  possible  in  determining  the  most  profitable  crops  and 
methods  of  production  and  to  save  the  farmer  the  expense 
of  experimenting  with  new  crops  and  methods  which  do  not 
give  profitable  returns.  Investigations  with  the  following 
crops  were  conducted  this  year:  small  grains,  field  peas, 
corn,  sorghum,  sweet  clover,  vetch,  soy  beans,  field  beans, 
rape,  kale,  potatoes  and  sunfiowers. 

Small  grains  are  the  money  crops  and  are  also  grown 
almost  exclusively  to  supply  hay  and  grain  for  livestock  on 
the  farms.  A  large  amount  of  work  was  done  on  the 
station  to  determine  the  best  varieties  and  mixtures  of 
grains  to  grow  for  hay,  pasture  and  seed,  the  most  profitable 
methods  of  growing  these  crops,  the  best  time  of  harvesting 
and  the  ratio  of  straw  to  grain.  Beardless  varieties  which 
yielded  the  most  thrashed  grain  were  found  to  be  the  best 
varieties    for    forage.        Several    new    varieties    gave    very 
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promising  results.  The  highest  yield  of  hay  was  obtained 
when  harvested  in  the  dough  stage.  Pall  seeding  gave 
better  results  than  seeding  in  the  spring.  The  practice  of 
harrowing  winter  wheat  in  the  spring,  which  is  followed 
by  most  farmers,  was  not  found  to  increase  the  yields  on 
the  station.  Spring  wheat  grown  in  cultivated  rows  yielded 
higher  than  the  same  variety  drilled  in  the  usual  way. 

About  eight  acres  were  sown  to  different  varieties  of 
field  peas.  For  such  a  dry  year  this  crop  made  a  very  good 
showing  and  attracted  considerable  attention.  It  was  found 
that  peas  must  be  sown  early  in  the  spring  to  obtain  tho 
best  results.  Pens  sown  on  May  3  yielded  50%  less  than 
the  same  variety  sown  on  April  15.  The  work,  with  grain 
and  forage  crops  will  be  continued,  special  emphasis  being 
placed  on  the  latter. 


WASHmOTON    IRRIGATION    BRANCH    STATION 
R.  P.  Bean,  in  Cborjre 

The  Washington  Irrigation  Branch  Station  at  Prosser  is 
situated  in  the  Prosser  Irrigation  District  on  the  Sunnyside 
Reclamation  Project.  This  district,  located  above  the  Sunny- 
side  Canal,  is  watered  by  two  pumping  plants.  The  irrigation 
system  for  the  district  was  constructed  in  1918  and  the 
pumping  plants  were  equipped  in  May,  1919.  The  first 
delivery  of  water  to  the  Station  was  on  May  24th. 

Prior  to  May  1,  1919,  the  citizens  of  Prosser  had  cleared 
the  sage  brush  from  80  acres  of  the  Station  farm  and  had 
partially  cleared  18  acres.  The  remaining  98  acres  were 
cleared  by  contract  after  this  date.  Plowing  was  begun  on 
May  Ist  and  37  acres  were  seeded  to  wheat  in  time  to 
receive  the  first  delivery  of  water  on  May  24th. 

The  development  of  land  for  crop  proceeded  as  rapidly 
as  practicable  during  the  season.  Approximately  10  acres 
were  planted  to  potatoes  and  15  to  corn.  Late  in  the  summer 
15  acres  of  leveled  land  wore  seeded  to  millet  as  a  possible 
hay  crop  and  to  check  excessive  wind  damage. 
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Development  of  the  remaining  raw  land  was  so  planned 
that  a  seeding  program  begun  in  August  placed  fields  in 
crop  as  follows:  50  acres  to  alfalfa  and  winter  wheat;  2 
acres  to  sweet  clover  and  rye;  26  acres  of  wheat  stubble  to 
alfalfa;  8  acres  of  com  stubble  to  alfalfa  and  wheat,  and  7 
acres  of  corn  land  to  sweet  clover.  Except  for  an  appreciable 
amount  of  wind  damage  the  seeding  went  into  the  winter  in 
fair  condition.  All  fields  that  were  leveled  and  equipped  with 
flumes  were  put  in  crop. 

There  remains  a  total  of  38  acres  of  raw  land  to  plow 
and  70  acres  to  level,  fiume  and  put  into  a  first  crop.  Of 
this  amount  approximately  7  acres  are  in  the  tract  which 
will  be  largely  devoted  to  Station  buildings  and  this  area 
will  be  seeded  to  alfalfa  and  rye.  Another  area  of  approx- 
imately 10  acres  will  be  seeded  to  spring  wheat  and  alfalfa. 
The  remaining  tract  has  been  designated  as  the  area  for 
experimental  work  and  will  be  handled  in  a  manner  to 
prepare  for  that  purpose. 

A  beginning  was  made  in  the  potato  experimental  work 
by  planting,  under  the  direction  of  the  Division  of  Horticul- 
ture of  the  Experiment  Station,  Netted  Gem  seed  potatoes 
obtained  from  11  seed-producing  districts  ranging  from 
Minnesota  to  the  Coast.  Because  potatoes  are  a  major  crop 
for  Irrigated  "Washington  there  is  need  for  extensive  potato' 
experiments.  The  problem  of  economically  securing  seed 
capable  of  maximum  production  is  second  only  to  cultural 
and  crop  rotation  problems. 

Both  alfalfa  and  winter  grain  variety  tests  were  be^n 
this  season.  Grimm,  Peruvian,  Turkestan,  common  seed 
grown  in  Kansas  and  in  Dakota  and  Canadian  Variegated 
alfalfa  were  seeded  in  plats.  Hybrid  128,  Jenkins  Club, 
Jones  Winter  Fife,  Marquis,  Bluestem,  and  Dicfclow  wheats, 
"White  "Winter  barley  and  Winter  rye  (Minn,  No.  2)  were 
seeded  in  plats  in  duplicate. 

Four  large  three-year-old  mules,  a  team  of  heavy  grade 
Percheron  geldings  three  and  four  years  old,  and  a  light 
horse   four  years   old  were   purchased   for  the   Station   this 
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Pending  tbe  drilling  of  a  well,  domestic  water 
is  hauled  from  a  neighboring  well  and  stock  water  is  secured 
from  the  Sunnyside  canal  and  from  a  seepage  spring. 

A  well  and  adequate  water  storage  are  among  the  most 
needed  improvements.  In  fact  these  would  have  been  secured 
had  a  drilling  machine  been  available  prior  to  this  time. 
Adequate  bams  will  be  required  when  the  number  of  livestock 
on  the  Station  is  increased.  The  construction  of  one  or  more 
additional  cottages  as  circumstances  warrant  will  aid  mater- 
ially in  securing  satisfactory  farm  help. 

Careful  records  of  the  cost  of  development  of  the  land 
in  making  it  ready  for  crops  have  been  kept  and  will  serve 
as  a  guide  for  new  settlers.  The  entire  farm  is  being 
developed  and  essential  buildings  constructed  in  order  that 
the  problems  peculiar  to  irrigation  farming  in  Washington 
state  may  be  \'igoroasly  attacked. 


THE    OFFIOB    OF    FASH   MABEETS 
Joseph  Passonnean,  in  Charge 

The  Office  of  Farm  Markets  was  created  by  an  act  of 
the  State  Legislature  during  its  session  of  1917.  This  law 
provided  an  appropriation  of  $15,000  for  the  biennium  and 
placed  the  office  under  the  direction  of  the  State  Experiment 
Station  by  providing  that  the  "director  of  markets  shall  be 
appointed  by  the  director  of  the  Agricultural  Experiment 
Station  of  the  State  College  of  Washington  by  and  with 
the  approval  of  the  governor." 

The  legislature  of  1919  increased  the  biennial  appro- 
priatoin  for  the  office  of  $20,000.  The  expenditures  for  the 
year  ending  June  30,  1919,  were  $9,101.99. 

The  function  of  the  office  as  provided  by  law  and  carried 
out  by  the  Director  of  Markets  falls  under  four  general 
heads :  Market  News,  Assistance  in  Organization  of  Coopera- 
tive Societies  of  sellers  and  bujers,  Research  in  Marketing 
and  General  Extension  Work. 
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Instead  of  creating  new  machinery  for  carrying  on 
the  work  in  these  different  fields,  arrangements  have  been 
mai^e  to  work  in  cooperation  with  the  Agricultnral  Extension 
Department,  the  Federal  Bureau  of  Markets  and  the  Depart- 
ment of  Agriculture  of  the  state.  Consequently  the  work 
of  organizing  the  cooperative  associations  as  well  as  work  in 
general  extension  has  been  done  in  cooperation  with  the 
County  Agents  and  other  workers  of  the  Extension  Service, 
The  work  in  research  is  done  in  joint  activity  with  the 
Experiment  Station  and  with  the  College  of  Agriculture. 

The  Director  of  Markets  is  also  employed  as  Agent  in 
Marketing  by  the  Federal  Bureau  of  Markete,  so  that  a 
close  cooperative  relationship  exists  between  the  office  and 
the  Bureau.  There  has  been  received  from  the  Bureau  of 
Markets,  therefore,  much  timely  information  regarding 
marketing  matters.  Further,  the  Bureau  contributes  $2000 
annually  to  the  work  of  the  office.  In  addition,  as  Agent  in 
Marketing,  the  Director  has  the  privilege  of  using  the  frank. 

In  the  work  of  Market  News,  the  office  publishes  a  Month- 
ly Exchange  Bulletin.  This  bulletin  contains  listings  of 
different  farm  commodities  for  sale.  Prom  the  beginning, 
this  publication  has  met  with  favor  and  its  popularity  has 
continued  to  increase.  Many  sales  are  reported  as  being 
effected  through  listings  in  this  bulletin.  The  bulletin  also 
contains  different  topics  of  information  regarding  marketing. 
In  connection  with  this  may  be  mentioned  the  publication 
at  the  opening  of  the  marketing  season,  touching  upon  the 
supply  and  demand  of  particular  products  and  giving  their 
probable  current  yields.  The  yields  in  other  northwest 
states  and  in  the  United  States  as  a  whole  are  also  included. 
Figures  showing  these  yields  are  tabulated  and  calculations 
made  with  the  yields  during  the  previous  five  or  six  years 
for  each  particular  locality.  The  prices  of  these  commodities 
as  received  by  farmers  at  particular  dates  each  year  are 
also    given. 

It  is  believed  that  with  data  at  hand  upon  the  supplies 
as  related  to  prices  during  previous  years,  farmers  should  be 
in  a  good  position  to  judge  the  condition  of  the  market. 
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Assistance  in  organizing  cooperative  associations  has 
been  given  to  a  larg^e  extent  by  conferences  and  meetings 
arranged  through  the  County  Agents.  During  the  fiscal 
year  ending  June  30,  1919,  seven  such  associations  were 
organized. 

For  the  coming  fiscal  year  one  representative  of.  the  ofBce 
will  be  assigned  to  the  work  of  merketiug  research.  During 
the  year  1918  the  ofiice  prepared  its  first  bulletin  entitled, 
"Public  Markets  in  the  State  of  Washington."  The  data 
contained  in  this  bulletin  were  obtained  by  correspondence 
with  city  officials,  patrons  of  the  Public  Markets  and  farmers, 
and  by  personal  visits  to  all  public  markets  of  the  state,  where 
farmers  making  use  of  the  markets  were  personally 
interviewed. 

The  conclusions  drawn  by  the  office  from  the  study  of 
public  marketing  methods  can  be  summarized  as  follows;  (1) 
The  extent  to  which  farm  products  will  be  marketed  through 
public  markets  will  always  be  limited;  (2)  only  the  producers 
living  within  a  limited  radius  of  the  city  can  make  use  of 
such  markets;  (3)  it  is  not  likely  that  products  other  than 
those  included  as  perishables  or  semi-perishables  will  ever  be 
offered  on  the  public  markets ;  (4)  the  costs  of  selling  in  this 
way  are  found  to  be  excessive. 

As  an  example  of  this,  twenty  per  cent  of  the  farmers 
interviewed  sold  less  than  ten  dollars'  worth  of  produce  a 
day.  Pifty-six  per  cent  of  them  had  an  average  sale  of  from 
ten  to  twenty  dollars  per  day,  and  only  twenty-four  per  cent 
sold  more  than  twenty  dollars'  worth  per  day. 

In  addition  to  the  above,  representatives  of  the  office 
have  done  more  or  less  work  in  general  extension — such  as 
addressing  farmers'  meetings  on  different  marketing  subjects, 
including  conferences  and  meetings  held  for  the  purpose  of 
advising  concerning  the  establishment  of  cooperative  associa- 
tions and  meetings  and  conferences  in  connection  with  gen- 
eral fxtension  work.  During  the  past  year  148  such  confer- 
ences have  been  held  and  fifty-one  farmers'  meetings  have 
been  addressed. 
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A  Study  of  Goitre  and  Associated  Condi- 
tions in  Domestic  Animals 

INTRODDOTION 

In  1915,  this  station  undertook  to  investigate  a  series  of 
diseases  whiuh  seemed  to  be  confined  to  certain  restricted 
areas  in  the  State  and  were  apparently  causing  considerable 
loss  among  the  various  species  of  domestic  animals.  Althongb 
occasional  reports  of  these  conditions  were  received  prior  to 
this  time,  no  systematic  study  was  undertaken  until  attention 
was  called  to  the  fact  that  the  trouble  was  apparently  on  the 
increase  and  becoming  quite  serious. 

These  conditions  are  variously  designated  by  stockmen  as 
"big  neck"  in  newborn  calves,  "weakness"  in  newborn  foals 
(weak  colts),  "hairless  pigs"  or  " hairlessness "  in  newborn. 
pigs,  "weak  lambs"  or  "weakness"  and  "big  neck"  in  new- 
born lambs  and  "big  neck"  and  "hairlessness"  in  newborn 
goats. 

It  is  the  object  of  the  author  to  discuss  these  conditions  as 
they  occur  in  various  domestic  animals  in  Washington,  to- 
gether with  a  report  of  the  results  thus  far  obtained  from  ex- 
perimental work.  No  attempt  will  be  made  to  review  the  lit- 
erature of  other  investigators,  or  to  append  a  complete  bibli- 
ography, but  all  the  available  literature  on  the  subject  ha.s 
been  freely  consulted. 

No  attempt  has  been  made  to  ascertain  the  exact  distribu- 
tion of  the  conditions  under  consideration.  Our  work  ba^ 
been  confined  largely  to  a  study  of  affected  animals.  Our 
investigation,  however,  has  been  carried  on  in  an  area  where 
goitre  is  very  prevalent.  Present  knowledge  indicates  that 
the  malady  is  most  frequently  found  east  of  the  Cascade 
Mountains  along  the  valleys  of  the  Wenatchee,  Entiat,  and 
Methow  rivers,  and  on  the  banks  of  Lake  Chelan,  These  arfr 
»11  mountainous  regions,  and  the  animal  diseases  referred  to 
are  found  in  the  narrow  valleys  on  both  aides  of  the  streams. 
Cases  also  have  been  reported  from  other  sectiona  along  the- 
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Columbia  river  on  its  west  bank,  eztending  from  the  source 
to  the  mouth.  That  the  trouble  is  not  confined  to  the  west 
bank  of  the  Columbia  is  indicated  by  reports  of  eases  from 
Stevens  and  Spokane  counties. 

In  June,  1915,  the  author  had  an  opportunity  to  make  a 
preliminary  survey  of  the  Methow  valley  in  Okanogan  county, 
where  the  diseases  are  especially  prevalent  and  where  a  tem- 
porary experiment  station  was  subsequently  established. 
This  trip  was  made  in  company  with  Dr.  Carl  Tenbroeck  of 
the  Rockefeller  Institute  for  animal  research,  for  the  purpose 
of  making  a  study  of  these  diseases  as  they  occur  in  various 
domestic  animals.  Because  of  the  variation  in  the  clinical 
aspect  of  the  conditions  in  the  different  species  of  animals, 
the  following  pages  will  be  devoted  to  a  detailed  discussion 
of  the  diseases  as  they  occur  in  various  species. 

NATURE  or  THE  DISEASE 

Although  the  conditions  under  consideration  manifest  them- 
selves in  slightly  different  forms  in  different  species  of  do- 
raestic  animals,  the  fact  that  they  occur  in  the  same  locality 
at  once  indicates  the  probability  of  a  common  origin  and  sim- 
ilar nature. 

During  the  preliminary  investigation,  an  opportunity  was 
afforded  to  make  a  careful  examination  of  affected  colts, 
calves,  pigs,  goats,  and  chickens.  Besults  of  this  study  indi- 
cated that  in  all  probability  the  conditions  were  due  to  a 
common  cause  which  manifested  itself  by  certain  changes  in 
the  structure  of  the  thyroid  glands.  This  was  true  with  one 
exception.  The  thyroids  of  the  first  hairless  pigs  examined 
did  not  show  this  change,  and  it  was  thought  that  there  was 
a  possibility  of  the  condition  being  of  a  different  nature. 
Subsequent  examination  of  thyroid  iglanda  of  other  hairless 
pigs,  however,  showed  that  the  thyroid  change  occurred  in 
the  majority  of  cases.  Up  to  the  present  time,  over  one  hun- 
dred thyroid  glands  of  the  different  species  of  affected  ani- 
mals have  been  examined  microscopically  and  chemically,  and 
the  relationship  between  these  various  conditions  established 
beyond  a  donbt.     The  microscopic  study  reveals  that  all  spe- 
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cies  of  affected  newborn  animals  have  the  eo-c&lled  "hyper- 
plastic goitre."  The  hyperplasia  may  vary  somewhat  in  dif- 
ferent individuals  of  all  species  as  will  be  seen  by  referring 
to  the  illustrations,  but  the  one  outstanding  feature  is  shown 
in  the  persistent  absence  of  colloid,  either  in  whole  or  in  part, 
and  the  increase  in  cells.  This  latter  may  occur  in  various 
ways  and  will  be  considered  more  in  detail  imder  "Micro- 
scopic Study  of  Thyroids."  Similar  changes  also  occur  in 
the  enlarged  thyroids  of  adult  animals,  but  it  is  impossible  to 
say  whether  or  not  this  occurs  in  all  adult  animals  that  give 
birth  to  goitrous  young.  In  many  cases  such  adults  have 
thyroids  of  apparently  normal  size,  and  no  study  has  been 
made  of  such  glands. 

H0BSE8 

No  attempt  has  been  made  to  determine  the  exact  percent- 
age of  affected*  horses  in  the  goitrous  distrietSjt  but  careful 
observation  indicates  that  from  30  to  50  per  cent  of  all  adult 
horses  have  visibly  enlarged  thyroid  (glands.  Examination  of 
Ihe  thyroids  in  living  animals  also  shows  that  in  many  cases 
where  enlargement  can  not  be  seen,  the  thyroids  are  larger 
than  normal.  It  is  sometimes  difficult  to  determine  clinically, 
even  by  one  who  is  experienced,  the  difference  between  a  nor- 
mal sized  thyroid  and  one  that  is  slightly  enlarged;  but  it 
is  probable  that  microscopic  and  chemical  examination  of  many 
glands,  especially  those  of  mares  which  gave  birth  to  affected 
foals,  would  show  the  same  changes,  possibly  to  a  lesser  de- 
gree than  are  seen  in  greatly  enlarged  glands.  T^fortunately, 
an  opportunity  for  detailed  study  of  thyroids  from  many  adult 
horses  in  a  goitrous  district  has  not  been  afforded.  Although 
a  large  percentage  of  adult  horses  in  these  districts  are  affect- 
ed with  enlarged  thyroids,  these  animals  do  not  seem  to  be 
inconvenienced  in  any  way  as  far  as  their  general  health  is 
concerned.     They  seem  to  be  normal  in  every  other  respect, 

■The  term  "atlected"  as  used  thronghout  this  bulletin  refers  to 
goitre  aa  it  occurs  In  the  dlttereut  apectea  of  domestic  anfmala  under 
dlscusalon. 

f'Ooitroua  District,"  as  used  here,  retera  to  the  areas  In  tke 
state  where  goitre  Is  prevalent. 
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UDd  the  only  complaint  made  by  owners  is  that  the  swelling 
is  unsightly.  It  is  commonly  belieTed  that  the  enlargement 
disappears  within  a  few  months  time  following  the  external 
application  of  tincture  of  iodine.  Statements  made  by  stock- 
men indicate  that  goitre  in  horses  manifests  itself  within  one 
year  or  more  from  the  time  they  are  brought  to  these  goitrous 
districts  and  given  local  feed  and  water. 

Although  igoitre  does  not  seem  to  cause  any  serious  barm 
to  adult  horses,  it  is  extremely  fatal  to  newborn  foals.  It  is 
variously  estimated  by  stockmen  that  from  75  to  90  per  cent 
of  the  colts  in  some  of  these  goitrous  districts  are  affected 
with- the  trouble  and  that  95  per  cent  of  such  animals  are 
cither  stillborn  or  die  after  two  or  three  days.  The  remaining 
five  per  cent  never  make  a  perfect  recovery,  a  fact  which  has 
been  confirmed  by  careful  observation. 

According  to  stockmen  who  have  had  experience  with  the 
trouble,  the  gestation  period  of  most  marea  which  give  birth 
to  so-called  "weak  colts"  is  twelve  months  and  in  some  in- 
stances, thirteen  months.  Our  records  show  a  gestation  per- 
iod of  eleven  months  and  twenty  days  in  one  ease,  and  some 
report  an  occasional  birth  at  eleven  months.  The  majority 
of  reports,  however,  indicate  that  the  mares  run  overtimi'. 

There  is  an  unverified  opinion  that  affected  foals  are  over- 
sized, but  the  fact  that  goitrous  mares  have  no  more  than 
ordinary  trouble  in  foaling  is  opposed  to  this  idea. 

In  most  instances,  affected  colts  are  bom  alive,  are  appar- 
ently well  developed,  and  when  observed  in  the  recumbent 
position,  appear  perfectly  normal.  In  some  cases,  however, 
such  animals  show  a  lack  of  vitality,  even  when  lying  down, 
resting  the  nose  on  the  ground,  with  eyes  half  closed,  the  earis 
drooping,  and  the  hind  legs  extended,  instead  of  forward 
under  the  body  (Pig.  1).  As  a  rule,  the  colt  makes  several 
attempts  to  rise,  but  is  unable  to  do  so  becanse  of  weakness, 
hence  the  term  "weak  colts,"  If  an  affected  foal  is  assisted 
to  the  standing  position  and  the  legs  are  placed  in  position,  it 
may  remain  standing  for  a  few  moments  and  even  take  a  step 
or  two.  In  most  instances,  it  is  impossible  for  such  a  colt  to 
stand  without  support,  because  of  the  decided  contraction  of 
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the  flexor  tendona  in  the  fore  lege,  which  causes  a  knuckling- 
over  and  an  extension  of  the  flexors  of  the  hind  legs.  The 
latter  condition  in  many  cases  causes  the  animal  to  stand  on 
the  posterior  part  of  the  fetlock.  Sonie  of  these  colts,  when 
supported,  make  an  effort  to  nurse,  while  others  make  no  at- 
tenijit  to  do  ho. 

In  some  instances,  the  breathing  is  labored.  The  pulse  rate 
is  lUO  to  130  per  minute.  A  marked  jugular  pnlse  is  some- 
times noted.  The  animal  usually  lives  from  one  to  three  or 
four  days,  gradually  getting  weaker,  and  finally  dies  withoui 
a  struggle. 

Occasionally  a  colt  of  this  kind,  after  careful  nursing,  will 
gradually  acqnire  strength  and  live.  Such  animals  as  it  has 
'  been  possible  to  observe,  however,  have  never  made  a  com- 
plete recovery.  The  legs  remain  deformed;  in  fact,  seem  tj 
(grow  worse  with  age,  eventually  developing  enlargement  of 
the  fetlocks  and  carpal  joints  (Pig.  2).  The  majority  of  case^ 
do  not  show  visibly  enlarged  thyroids,  but  in  some  a  slight 
swelling  is  apparent.  Here,  as  in  adult  horses,  it  is  sometimes 
difficult,  even  by  autopsy,  to  distinguish  a  slightly  enlarged 
thyroid  from  one  that  is  normal.  It  has  not  been  possible  to 
make  comparisons  of  the  size  of  large  numbera  of  thyroid 
glands  of  affected  colts  with  those  of  normal  colts.  It  is  quite 
likely  that  such  comparative  study,  however,  would  show  that 
the  former  are  larger  on  the  average  than  the  latter,  a  fact 
which  is  true  in  the  case  of  affected  pigs. 

Autopsy — Our  autopsies  of  horses  consisted  of^he  examina- 
tion of  one  aged  mare  and  four  newborn  weak  colts.  The 
mare  was  affected  with  a  very  prominent  goitre,  but  other- 
wise appeared  to  be  ia  good  health.  No  definite  history  of 
the  duration  of  the  goitre  could  be  obtained.  She  had  given 
birth  to  seven  colts,  all  of  which  were  apparently  normal,  ex- 
cept the  latt  one,  which  was  weak,  and  died  shortly  after 
birth.  She  had  only  been  in  a  goitrous  district  for  two  years, 
and  the  weak  colt  was  bom  after  this  time.  This  mare  whs 
killed  and  autopsy  showed  that  all  organs  except  the  thyroid 
gland!)  were  normal.  The  thyroids  were  much  enlarged,  each 
beu:^'  about  the  size  of  a  baseball  and  somewhat  lobolated. 
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Careful  autopsy  of  the  four  weak  colts  did  not  reveal  the 
presence  of  marked  enlargement  of  the  thyroids.  In  fact,  in 
three  of  these  colts,  there  was  such  a  slight  enlargement  that 
it  could  hardly  be  desipiated  as  such.  In  one  case,  the  thy- 
roids were  about  the  size  of  laifge  hen  eg^  and  the  swelling 
was  easily  visjble  in  the  living  animal.  In  two  cases,  there 
was  a  marked  dilation  of  the  heart,  the  left  ventricular  wall 
being  no  thicker  than  the  ri^ht  and  measuring  from  ten  to 
tliirteen  millimeters.  In  the  others,  the  heart  was  apparently 
normal.  In  one  case,  there  were  a  few  hemorrhages  on  the 
spleen;  in  another,  a  congestion  of  the  kidneys  and  liver.  All 
cases  showed  contraction  of  the  flexors  in  the  forelegs  and 
extension  of  these  same  structnres  in  the  hind  legs.  The  bones 
in  all  were  apparently  normal.  All  other  organs  were  appar- 
ently normal. 

CATTLE 

Many  adult  cattle  of  both  sexes  in  the  goitrous  districts 
are  affected  with  enlarged  thyroids,  but  this  condition  does 
not  seem  to  be  nearly  as  prevalent  among  this  species  as  is 
the  case  with  horses.  In  fact,  the  majority  do  not  show  this 
condition  upon  casual  examination.  The  fullness  of  a  cow's 
neck  in  the  region  of  the  thyroids  would  naturally  tend  to 
hide  a  slightly  enlarged  gland.  It  is  quite  possible  that  a 
careful  examination  of  many  animals  would  reveal  the  pres- 
ence of  a  large  number  of  enlarged  thyroids,  but  it  is  obvious 
that  it  would  be  difficult  even  for  an  experienced  observer 
to  detect  a  sl^ht  enlargement  by  clinical  examination.  Many 
cows  which  give  birth  to  so-called  "big-neek"  calves,  have 
apparently  normal-sized  thyroids.  Whether  or  not  micro- 
scopic changes  are  present  in  the  thyroids  of  all  cows  which 
give  birth  to  goitrous  calves,  has  not  been  determined.  Aside 
from  the  presence  of  goitre,  in  those  adult  animals  in  which 
it  occurs,  there  seems  to  be  no  disturbance  of  the  general 
health. 

It  is  variously  estimated  by  stockmen  that  from  70  to  80 
per  cent  of  all  calves  bom  in  a  goitrous  district  are  affected 
vith  goitre  at  birth.     The  majority  of  these  calves  are  alive 


;it  birth,  but  a  few,  &h  evidenced  by  reports  and  our  observa- 
tion, are  stillborn.  Reports  as  to  the  number  of  fatalities 
occurring  among  newborn  goitrous  calves  are  somewhat  con- 
i'licting.  In  those  goitrous  sections  where  the  winter  breaku 
eiirly  and  spring  is  warm,  it  is  generally  stated  tnat  this 
trouble  does  not  cause  any  serious  losses;  that  the  calves  are 
apparently  normal,  except  for  the  enlarged  thyroids.  The 
swelling,  it  is  reported,  rapidly  diminishes  in  size  and  usually 
disappears  within  a  few  months.  On  the  other  hand,  in  those 
I'lr-alities  where  the  winter  is  long  and  spring  finds  an  abund- 
iince  of  snow  and  cold  weather,  it  is  stated  that  many  calves 
ilic  because  of  "big-necb."  In  those  regions  it  is  also  said 
(hat  not  only  are  the  calves  affected  with  goitre,  but  that  they 
arc  weak.  Many  stockmen  even  assert  that  some  of  the  calves 
fliow  weakness,  but  not  goitre.  That  goitre  eauscB  weakness 
is  no  dpubt  true  and  that  losses  are  greater  from  this  trouble 
ivhen  calves  are  bom  in  cold  weather,  is  equally  evident 
However,  this  can  be  explained  by  the  fact  that  contagious 
aliortion  also  occurs  in  some  of  the  goitrous  sections  and  was 
not  recognized  prior  to  our  investigation.  It  is  evident  that 
liiany  of  the  so-called  "weak  calves"  were  premature  and  that 
the  two  conditions  were  confused.  In  some  instances,  as 
proven  by  our  observaiion,  both  conditions  existed,  but  com- 
plement  fixation  and  a^glutinatioii  tests  of  a  number  of  cows 
showed  that  the  two  conditions  are  entirely  distinct  and  not 
necessarily  associated.  It  is  the  opinion  of  many  stockmen 
in  those  districts  where  the  calf  mortality  is  high,  that  calves 
born  in  the  fall  are  more  likely  to  live.  For  this  reason,  many 
cows  in  these  districts  are  bred  for  the  production  of  fall 
calves.  If  this  opinion  is  correct,  it  is  probable  that  this  U 
due  to  the  fact  that  weather  conditions  are  the  more  favorable 
in  the  fall  and  calves  have  a  better  chance  of  recovering,  even 
if  weak  because  of  goitre. 

The  enlargement  of  the  thyroids  in  newborn  calves  varies 
with  a  slight,  almost  imperceptible  swelling,  to  one  of  greai 
size.  The  thyroids  of  the  calf  shown  in  Fig.  3  weighed  360 
grams.  Occasionally,  the  thyroids  weigh  500  grams.  If  the 
enlargement  is  only  moderate,  the  calf  seems  to  be  otherwise 
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in  good  health,  and  although  it  is  slower  to  get  on  its  feet 
than  a  normal  calf,  when  this  is  accomplished,  it  apparently 
experiences  no  further  inconvenience.  Many  affected  calves 
showing  marked  weakness,  are  at  first  unable  to  rise,  and 
therefore  must  be  assisted,  but  with  proper  eare  and  nursing, 
will  in  time  become  stronger,  take  nourishment,  and  rapidly 
recover.  It  is  said  that  in  some  instances  a  large  swelling 
will  cause  difficult  breathing  and  suffocation.  Such  case& 
have  not  come  under  our  observation,  but  it  is  quite  possible 
that  a  marked  enlargement  of  the  thyroids  could  mechanically 
interfere  with  breathing,  either  by  pressure  on  the  trachea  ' 
or  larynx,  or  interfere  with  the  nerve  supply.  Extensive 
hemorrhage  and  oedema,  which  is  a  frequent  local  accompani- 
ment of  goitre,  might  also  extend  to  the  respiratory  passage 
and  thus  affect  breathing.  In  rare  cases,  there  is  also  mani- 
fested a  partial  faairlessness,  as  is  well  illustrated  in  Figg.  3. 
All  affected  calves  show  a  marked  jugular  pulse.  Those  ani- 
mals that  live,  show  a  comparatively  rapid  diminution  in  size 
of  the  thyroids  in  the  first  few  weeks  of  life,  followed  by  a 
more  gradual  reduction  which  continues  and  results  in  com- 
plete disappearance  of  the  swelling  m  most  cases  within  a  few 
months  to  one  year.  In  some  cases,  a  slight  swelling  may  per- 
sist longer  and  even  remain  throughout  adult  life. 

Autopsy — In  those  eases  where  there  was  marked  thyroid 
enlargement,  autopsy  immediately  after  birth  showed  a  well- 
rounded  swelling  in  the  region  of  the  larynx.  The  skin  over 
this  swelling  was  quite  tense.  The  subcutaneous  tissue  over  the 
thyroids  showed  extensive  infiltration  with  blood  and  lymph 
which  extended  around  on  both  sides  of  the  glands.  After  re- 
moval of  the  hemorrhagic  extravasate,  the  thyroids  were  seen 
to  be  very  dark  in  color,  appearing  much  like  the  clotted  blood 
which  surrounded  them.  In  shape,  they  resembled  the  norma! 
glands,  being  uniformly  enlarged  and  extendmg  almost  en- 
tirely aroond  the  trachea.  In  consistency,  the  glands  were 
very  friable  and  easily  crushed.  The  abundant  hemorrhage 
and  marked  coi^stion  no  doubt  account  for  the  rapid  diminu- 
tion in  size  of  the  swelling  in  the  first  few  weeks  of  life.  The 
heart  showed  dilation ;  the  wall  of  the  left  ventricle  being 
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little  heavier  than  that  of  the  right.  In  some  cases,  hemor- 
rhages occurred  in  the  body  lymph  nodes,  pericardium,  and 
capsulea  of  kidneys  and  liver.  The  kidneys  and  the  spleen 
sometimes  showed  congestion,  while  in  other  cases  all  tissues 
and  organs  except  the  thyroids  and  heart  were  normal. 

Autopsies  of  calves  several  weeks  old  revealed  a  somewhat 
different  condition.  In  such  a  ease,  the  skin  over  the  swelling 
in  the  neck  was  loose,  there  was  a  total  absence  of  hemorrhage 
and  oedema  in  the  subcutaneous  tissue  and  surrounding  the 
glands.  The  thj-roids  appeared  normal  in  shape  and  color. 
'  If  congestion  was  present,  it  was  only  slijght.  The  glands  show 
a  uniform  enlargement  and  may  be  seTeral  times  their  normal 
size.  In  consistency,  they  were  softer  and  more  friable  than 
normal.  The  sectioned  surface  was  granular  in  appearance. 
All  other  organs  were  apparently  normal. 

H008 

Our  observation  of  the  thyroids  of  sows  which  have  far- 
rowed hairless  pigs  has  been  confined  to  two  eases.  In  both 
instances,  the  sows  were  killed  at  the  time  of  parturition  be- 
cause of  dystocia  and  the  uterus  nf  each  contained  seven  hair- 
less pigs.  It  is  practically  impnsBihle  to  detect  thyroid  en- 
largement in  a  living  hog  and  as  such  a  condition  does  not 
seem  to  interfere  with  the  health  of  adult  hogs,  such  of  these 
animals  as  are  seen  in  goitrous  districts  appear  to  be  perfectly 
normal. 

Thyroid  disturbance  in  hogs  manifests  itself  chiefly  in  the 
form  of  newborn  hairless  pigs.  Just  what  percentage  of  pigs 
in  {goitrous  districts  are  bom  hairless  we  are  unable  to  say,  but 
it  is  obvious  that  the  condition  is  serious,  as  many  stockmen 
have  practically  quit  trying  to  raise  hogs.  Hairless  pigs  are 
sometimes  dead  at  birth,  but  the  majority  are  bom  alive  and 
die  a  few  hours  thereafter.  Occasionally,  a  hairless  pig  will 
live  and  in  a  few  weeks  be  apparently  normal.  Hairlessness 
does  not  always  occur  to  the  same  degree  in  litters,  nor  does 
it  affect  all  litters  from  an  individual  sow  under  apparently 
similar  conditions.  In  some  eases,  the  entire  litter  may  be 
affected ;  in  others,  only  a  portion  of  the  litter  will  show  hair- 
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lessness,  while  the  rest  will  be  apparently  norntsl.  Again, 
some  or  all  of  the  individuals  in  the  litter  may  show  only  a 
slight  loss  of  hair  or  they  may  be  covered  with  a  thin  coat  of 
fine,  downy  hair.  When  sows  are  kept  under  apparently 
identical  conditions  and  given  the  same  feed  and  water,  some 
will  farrow  normal  pigs,  while  the  pigs  of  others  will  be  hair- 
less. Sows  which  farrow  hairless  pigs  one  year  may  have  nor- 
mal pigs  the  following  year  under  similar  conditions. 

Although  affei^tcd  pigs  are  usually  spoken  of  as  being  hair- 
less, this  is  uot  entirely  true,  the  tactile  hairs  on  the  face  and 
the  eyelashes  are  usually  well  developed,  and  there  are  usu- 
ally a  few  hairs  on  the  poll,  along  the  median  line  of  the  back 
and  on  the  tip  of  the  tail.  Live  hairless  pigt)  always  show 
weakness  and  loss  of  vitality  in  proportion  to  the  degree  of 
hsirlessness.  If  entirely  bald,  they  usually  remain  lying  on 
their  sides,  being  unable  to  rise.  If  disturbed,  they  utter  a 
peculiar  suppressed  squeal.  If  affected  pigs  are  only  partial- 
ly hairless,  they  may  have  strength  enough  to  walk  and  even 
to  nurse.  The  amnion  usually  dries  and  adheres  firmly  to  the 
Kkin  of  a  newborn  hairless  pig.  Subsequently  this  &mnio.'i 
cracks  and  peals  off  in  patches,  thus  giving  the  pig  a  peculiar 
appearance.  If  a  hairless  pig  lives  a  few  hours,  its  skin  be- 
comes easily  scratched  and  shows  red  patches.  If  exposed  to 
the  sun,  it  soon  shows  the  effects  of  burning.  As  a  rule,  the 
skin  over  the  shoulders,  sides  and  flanks  and  the  region  of 
the  neck,  is  somewhat  wrinkled,  thick  and  pulpy. 

Autopsy — As  previously  stated,  our  observations  of  the 
thyroids  of  adult  hogs  have  been  confined  to  two  sows.  Au- 
topsy of  these  animals  showed  the  thyroids  to  be  congested. 
The  thyroid  of  one  was  apparently  normal  in  size,  while  that 
of  the  other  was  considerably  enlarged.  This  statement  does 
not  agree  with  the  one  made  by  'Hart  and  Steenbock— "  The 
gland     .  .     in  a  sow  producing  hairless  pigs  is  the  size 

of  a  man's  fist."  The  glands  of  both  individuals,  however, 
showed  marked  changes  in  microscopic  structure.  All  other 
organs  were  apparently  normal. 
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Autopsy  of  a  large  number  of  hairlesd  pigs  showed  that 
there  was  as  a  rule  thyroid  eulargement.  Our  recorda  show 
that  the  average  wei|ght  of  the  thyroid  of  hairless  pigs  is  .6466 
grams,  while  that  of  normal  Dewborn  pigs  is  .18  grams.  On 
the  other  hand,  we  have  also  found  that  a  normal  thyroid  may 
weigh  as  much  aa  .38  grama  and  the  gland  of  a  hairless  pig 
may  be  so  small  as  to  weigh  .2  grams.  For  this  reason,  thyroid 
change  is  not  always  easily  recognized  microscopically  in  hair- 
less pigs.  In  our  work,  even  microscopic  examination  has 
failed  to  reveal  the  usual  changes  in  a  few  instances.  In  no 
instance  have  we  found  the  thyroid  so  large  as  to  produce  a 
visible  swelling  externally.  The  skin  of  hairless  pigs, is  smooth 
End  velvety,  showing,  as  a  rule,  here  and  there  reddened  ir- 
regular areas,  due  to  congestion  and  hemorrhage,  the  r^ult  of 
bruising.  In  some  cases,  the  skin  is  thickened  and  pulpy  in  the 
region  of  the  neck  and  shoulders.  Incision  shows  the  dermis 
and  subcutaneous  tissue  to  be  apparently  oedematoos,  but  the 
fluid  usually  observed  in  simple  oedema  is  not  evident.  The 
heart  in  most  cases  seems  to  be  dilated  and  the  left  ventricular 
wall  is  no  thicker  than  the  right.  In  the  majority  of  cases 
all  other  organs  are  normal;  however,  there  were  noted  in  a 
few  instances,  petechial  hemorrhages  in  the  kidneys,  oedema 
of  the  inguinal  lymph  nodes,  and  subserous  hemorrhages  of 
the  intestines  and  heart.  These  same  lesions  were  also  noted 
in  normal  pigs  which  had  been  layed  on  and  killed  by  sows  in 
the  farrowing  pen,  so  that  there  is  probably  no  relation  be- 
tween such  lesions  and  goitre. 


Each  year,  from  June  to  Septemehr,  thousands  of  sheep  are 
ranged  on  the  mountains  of  Okanc^an  and  Chelan  counties. 
These  sheep  graze  at  high  altitudes  above  the  goitrous  valleys. 
Because  of  insufficient  feed  it  is  necessary  to  remove  the  sheep 
from  these  ranges  in  the  fall  to  the  southern  part  of  the  state 
to  non-goitrous  districts  where  they  are  bred  and  wintered. 
Skeep  handled  in  thia  manner  are  said  to  be  free  from  goitre 
and  give  birth  to  normal  lambs.  On  the  other  hand,  when 
such  sheep  are  wintered  in  the  goitrous  districts  the  loss  of 
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lambs  becomes  a  serioiu  problem.  In  one  instance,  a  stock- 
man in  the  Methow  Valley  purchased  s  band  of  700  ewes  iu 
the  fail  of  1913,  These  were  bred  in  October  and  at  lambing; 
lime  only  17  per  cent  of  the  tanbs  were  saved.  The  majority 
died  from  goitre,  hairlessness  and  weakness.  Many  adulc 
sheep  after  being  in  a  goitrous  district  for  a  few  months  de- 
velop enlargement  of  the  thyroids  but  otherwise  seem  to  be 
in  perfect  health. 

Newborn  iambs  are  affected  in  much  the  same  way  as  are 
calves,  but  the  mortality  in  these  animals  is  as  a  rule  greater. 
Baldness  is  also  much  more  commonly  associated  with  igoitre 
in  lambs  than  it  is  in  calves.  Many  stockmen  believe  that 
.some  affected  lambs  are  weak  and  do  not  have  goitre,  but 
such  ca.'ies  have  not  come  to  our  attention.  The  thyroids  of 
affected  lambs  do  not  as  a  rule  show  marked  increase  in  size, 
but  occasionally  the  enlargement  is  prominent  enough  to  be 
visible  externally.  The  fnllness  of  the  neck  aad  the  abundance 
cf  wool  tend  to  hide  the  swelling. 

OOATS 

Because  of  the  fact  that  goats  are  not  raised  extensively  iu 
this  state,  goitre  among  these  animals  is  not  of  great  economic 
importance.  However,  these  animals  proved  to  be  our  very 
best  experimental  subjects  because  of  their  extreme  suscepti- 
bility to  goitre.  During  our  investigation  we  had  an  oppor- 
tunity to  observe  two  small  bands  of  goats  in  goitrous  dis- 
tricts. Practically  all  adult  goats  in  goitrous  districts  show 
marked  enlaiigement  of  the  thyroids  which  sometimes  attain 
the  size  of  baseballs.  (Fig.  6).  Otherwise  such  animals  seem 
to  be  in  good  health.  According  to  stockmen  who  have  had 
experience  in  the  keeping  of  Angora  goats,  it  is  almost  im- 
possible to  raise  kids  in  goitrous  sections.  This  has  been  con- 
firmed in  our  work  where  we  had  a  hundred  per  eent  loss  in 
our  experimental  animals  in  1917.  Affected  kids  may  be 
either  alive  at  birth  or  Btillbom.  Those  that  are  bom  alive 
usually  live  for  only  a  few  hours.  The  thyroids  in  these  ani- 
mals usually  show  marked  enlargement  which  is  easily  visible 
but  the  size  may  vary  from  9  grams  to  78.5  grams  in  weight. 
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Most  kids  are  hairlese,  some  are  practically  covered  with  very 
fine  hair,  while  others  are  apparently  normal  as  far  as  th« 
coat  is  concerned.  There  seems  to  be  no  definite  and  umforia 
lelationship  between  the  size  of  the  thyroids  and  the  degree 
of  hairlessness  .  Both  hairless  and  well  haired  kids  may  show 
thyroids  of  varying  sizes.  Kids  born  alive  are  aa  a  rule  so 
weak  that  they  are  unable  to  do  more  than  raise  the  head  and 
Mhen  disturbed  sometimes  emit  a  slight  sound.  The  muscles 
seem  to  be  completely  relaxed.  Occasionally  a  newborn  af- 
fected kid,  if  well  haired,  with  careful  nursing  will  make  a 
recovery,  but  by  far  the  majority  die. 

Autopsy  of  newom  kids  did  not  reveal  the  presence  of  rec- 
ognizable lesions  in  other  organs  except  the  thyroids  and  skin. 
If  the  thyroids  only  showed  a  moderate  increase  in  size,  they 
were  uniformly  enlarged  and  retained  their  normal  shape  and 
consistency.  Excessive  enlargement  was  accompanied  by  con- 
gestion and  hemorrhage,  similar  to  what  occurs  in  calves. ' 

OTHER  ANIMALS 

Other  domestic  animals  which  suffer  from  this  type  of  goi- 
tre are  dogs,  eats  and  chickens.  Many  adult  dogs  in  goitrous 
districts  are  affected  with  enlarged  thyroids  and  it  is  reported 
that  many  puppies  are  born  with  goitre.  We  have  had  an 
opportunity  to  observe  many  of  the  former,  but  the  latter 
have  not  come  to  the  writer's  attention.  As  far  as  can  be 
learned,  the  affection  does  not  seem  to  cause  serious  results 
either  in  adult  dogs  or  newborn  puppies. 

It  is  reported  that  kittens  are  frequently  bom  with  en- 
larged thyroids  and  are  sometimes  hairless.  No  study  has 
been  made  of  the  condition  in  these  animals. 

It  has  been  repeat«dly  observed  by  individuals  who  dress 
poultry  that  adult  chickens  in  goitrous  districts  are  common- 
ly affected  with  goitre.  Several  cases  have  been  studied  and 
the  thyroids  were  found  to  show  microscopic  chaniges  similar 
in  all  respects  to  those  oceurrii^  in  mammals.  (Fig  29). 
However,  newly  hatched  chicks  are  apparently  not  affected 
or  at  least  no  trouble  is  experienced  from  this  source  by 
poultry  raisers. 
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Many  tame  rabbits  and  (n^inea  pigs  in  goitrous  districts 
have  been  examined  but  no  evidence  of  goitre  has  been  dis- 
covered. 

Many  of  the  regions,  where  goitre  in  domestic  animals  in 
common,  harbor  an  abundance  of  wild  animals  and  game. 
Woodchucks,  ground  squirrels  and  cbipmnnka  are  common. 
Deer,  wild  goat,  bear,  lynx  and  coyotes  are  also  quite  plentiful. 
As  far  as  can  be  learned,  these  animals  apparently  do  not  suf- 
fer with  goitre.  That  there  is  some  reason  for  this  there  is  no 
doubt,  but  this  matter  will  be  discussed  more  in  detail  undei* 
cause. 

HIOBOSCOPIC  STUDY  OF  THYROIDS 

Tflfduuqne — All  tissues  used  for  microaeopic  study  were  se- 
cured immediately  after  death  and  were  fixed  in  either 
Zenker's  fluid,  Bouin's  picro-formol  or  a  solution  of  10*^ 
formalin.  After  fixation  tis!jues  were  imbedded  in  paraffin 
in  the  usual  way  and  cut  4  microns  in  thickness.  For  sections 
fixed  with  Zenker's  fluid,  the  eosin  and  methylene-blue  stain 
was  used.  Sections  fixed  with  the  other  fixatives  were  stained 
with  haematoxylin  and  eosin  and  iron  haematoxylin. 

Stractnre  of  Nonnal  Thyroid  Olands^-The  normal  thyroid 
is  a  ductless  gland  and  consists  of  a  mass  of  tubules  or  fol- 
licles, supported  by  a  connective  tissue  stroma  and  surrounded 
by  a  connective  tissue  cajwule. 

The  follicles  of  the  thyroid  are  ovoid  saccules  or  branched 
tubules.  They  vary  considerably  in  diameter  and  in  the  cali- 
ber of  their  lumen.  In  horses  and  cattle  the  follielps  are 
usually  quite  large,  most  of  them  varying  in  diameter  from 
70  to  300  microns.  In  sheep,  hogs  and  goats  the  follicles  are 
generally  smaller,  the  majority  measuring  from  15  to  20 
microns  in  diameter.  In  all  animals  some  follicles  may  be  so 
small  as  to  present  scarcely  any  lumen,  while  others  appear, 
from  their  extreme  size  (500  to  600  microns)  to  simulate  smnll 
eystd.  All  follicles  which  possess  any  considerable  lumen  eon- 
tain  a  peculiar  acidophile  substance,  known  as  colloid,  which 
is  apparently  formed  by  the  secretory  activity  of  the  grandular 
epitheliam  lining  the  follicles. 
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Colloid  is  a  homogeneous  or  very  finely  granular  substauce 
whiuh  stains  readily  with  eosiu.  This  colloid  fills  the  folliuies 
to  a  variable  degree  and  as  usually  seen  in  sections  is  partly 
or  entirely  detached  from  the  lining  cells,  by  shrinkage  due 
to  fixation. 

The  follicular  epithelium  consists  of  a  single  layer  of 
euboidal  or  columnar  cells.  (Figs.  10,  11,  12,  I'.i,  14  and  Vt.) 

Structure  of  Thyroids  of  Animals  Affected  with  Hn^rplas- 
tic  Goitre — In  general  two  important  microscupic  changes  oc- 
cur in  the  thjToids  of  all  species  of  animals  affected  with  this 
type  of  goitre;  an  increase  in  the  number  of  cells  and  a  de- 
crease or  total  disappearance  of  colloid.  The  microscopic  ap- 
pearance of ^  thyroids  of  different  affected  individuals,  how- 
ever, shows  such  a  great  variation  that  it  would  seem  wise  to 
describe  in  detail  the  various  types  of  specimens. 

Microscopic  examination  showed  the  thyroid  of  an  aped 
goitrous  mare  to  be  made  up  of  two  types  of  abnormal  fol- 
licles, each  occurring  in  groups  or  areas.  The  larger  part  of 
tlie  whole  structure  was  occupied  by  what  appeared  to  be 
tubules  from  20  to  35  microns  in  diameter  and  lined  by  simple 
cuboidal  epithelium.  In  some  of  these  tubules,  a  well-defined 
lumeu  could  be  distinguished,  while  others  were  entirely 
closed..  A  few  of  the  tubules  showed  the  presence  of  a  small 
amount  of  colloid,  but  in  most  of  them  there  was  a  total  absence 
(if  this  substance.  Between  the  tubules  there  were  numerous 
apparently  normal  thyroid  follicles  from  100  to  300  microns 
in  diameter,  containing  colloid;  6  to  10  such  colloid-containing 
follicles  could  be  seen  in  each  'low  power  microscopic  field. 
In  another  part  iif  the  same  specimen,  there  were  many  long 
tortuous  fuhules,  apparently  the  result  of  an  infolding  of  the 
basement  membrane,  and  strona  of  normal  follicles  and  a 
multiplication  of  the  lining  epithelium.  These  tubules  some- 
times attained  the  lenigth  of  1  millimeter  and  were  lined  hy 
simple  columnar  cells,  which  occasionally  occurred  in  two 
layers.  Colloid  was  almost  entirely  absent,  occurring  only  in 
n  few  of  the  tubules.     A  few  cysts  containing  a  serous  fluid. 

■A  circular  area  approximately  1  H  mm.  In  diameter. 


some  of  them  several  millimeters  in  diameter,  were  also  pres- 
ent. There  was  also  a  slight  congestion  througliout  thu 
specimen. 

Notwithstanding  the  fact  that  the  thyroids  in  most  "weak 
colts'  'are  only  slightly  if  at  all  enlarged,  microscopic  examina- 
tion showed  a  marked  deviation  from  the  normal  in  structure. 
In  all  cases,  the  thyroids  appeared  to  be  made  up  of  small 
tubules  not  unlike  those  seen  in  the  thyroids  of  the  aged  mare 
previously  described.  These  tubules  were  25  to  50  micron? 
ia  diameter,  and  were  lined  by  simple  cuboidal  and  tall  colum- 
nar epithelial  cells.  Some  showed  a  distinct  lumen,  while 
others  were  completely  closed.  There  was  almost  a  total 
absence  of  colloid.  On  an  entire  microscopic  section  occiipy- 
inj;  an  area  15  miliimeters  square,  not  over  a  dozen  tubules 
showed  the  presence  of  colloid.  A  slight  congestion  was  evi- 
dent in  all  specimens.     (Figs.  16  and  17). 

Examination  of  sections  of  thyroids  from  newborn  "big- 
neck"  calves' showed  a  marked  conige-stion  uniformly  distribut- 
ed throughout  the  structure,  together  with  extensive  hem- 
orrhage. Low  power  examination  showed  extreme  vascular- 
ity, fully  half  of  the  specimen  appearing  to  be  made  up  of 
capillaries  and  arterioles  filled  with  blood.  Follicles  were 
nowhere  to  be  seen,  these  haviufr  completely  disintegrated 
ntjd  the  secreting  cells  which  lined  thera  lay  free,  mixed  in 
bi'twcen  the  red  corpuscles  outside  of  the  blood  vessels  {Fig. 
J:)).  Some  of  these  secreting  cells  lay  singly  but  for  the  most 
part  they  were  in  groups  of  5  or  6  surrounded  Ijy  the  cxtrav- 
iisated  blood.  In  some  areas,  groups  of  cells  lay  in  a  compara- 
tively free  space  surrounded  by  blood.  In  shape,  the  eel's 
are  for  the  most  part  cnlumnar.  but  many  appear  circula': 
and  irregular,  beii^  pear-shaped  and  spindle-shaped.  Th; 
entire  specimen  showed  a  complete  absence  of  colloid.  On  th" 
whole,  an  examination  of  a  section  gives  the  impression  of 
an  extremely  vascular  tissue  in  which  there  is  an  abundaucB 
of  hemorrhage  and  scattered  throughout,  a  large  number  of 
free  epithelial  cells. 

ilarked  changes  occur  in  such  a  structure  within  a  few 
weeks  after  birth.    The  hemorrhagic  extravasate  is  rapidly  re- 
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moved  and  absorbed,  congestion  ia  reduced  and  the  size  of  th-i 
gland  is  materially  diminished. 

An  examination  of  the  thyroids  of  a  si7:-weeks-old  goitroua 
calf  showed  the  presence  of  many  irregolar  shaped  follieles, 
varying  in  size  up  to  1000  microns  or  more  in  diameter.  There 
was  apparently  an  infolding  of  the  lining  epithelium,  together 
with  the  basement  membrane  and  stroma,  thus  forming 
papillae  (Fig.  20).  The  lumen  of  the  follicle  in  most  eases 
waa  merely  a  slit-like  opening  in  which  there  was  no  colloid. 
The  cells  lining  the  follicles  were  the  tall  columnar  variety, 
occurring  usually  in  a  single  layer,  sometimes  two,  and  rarely 
three  layers.  (Fig.  21).  Mitotic  figures  were  occasionally 
seen,  but  were  by  no  means  numerous,  A  few  apparently 
normal  colloid  containing  follicles  were  also  present;  an  aver- 
age of  one  such  follicle  to  each  low-power  microscopic  field 
could  be  seen;  these  varied  in  size  from  50  to  250  microns  in 
diameter.  Some  of  these  follicles  were  well-filled  with  colloid 
and  circular  in  shape,  but  the  majority  were  compressed  and 
irregular,  being  somewhat  longer  than  wide.  The  cells  linin;; 
the  e  olio  id-eon  tain  in  g  follicles  were  simple  columnar.  Slight 
congestion  occurred  throughout  the  gland. 

Microscopic  examination  of  the  thyroids  of  the  two  sows 
which  farrowed  hairless  pigs  showed  identical  structural 
changes,  notwithstanding  the  fact  that  in  one  case  the  glands 
were  normal  in  size  and  in  the  other  much  enlarged.  The 
follicles  were  larger  than  normal,  measuring  50  to  600  microns 
in  diameter.  There  waa  a  slight  ingrowth  of  the  stroma  and 
basement  membrane,  thus  forming  an  irregular  outline  for  the 
follicle  which  in  most  cases  was  filled  with  a  serous  fluid  in- 
stead of  colloid.  The  cells  lining  the  follicles  were  columnar 
in  shape  and  several  layers  deep,  showing  in  many  places  active 
mitosis.     (Fig.  28). 

The  thyroids  of  hairless  pigs  showed  considerable  variation 
in  microscopic  structure.  In  some  cases,  they  were  apparently 
normal,  being  made  up  of  well-rounded  follicles  filled  with 
colloid,  and  lined  by  simple  cuboidal  and  column((r  cells.  Two 
such  specimens  have  come  to  our  attention  and  in  both  cases  the 
pigs  were  totally  hairless.    By  far  the  majority  of  cases  showed 
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marked  deviation  from  the  notmal  atrueture.  The  gland  may 
be  made  up  of  simple  tubules  set  close  together  like  those  seen 
in  the  thyroids  of  "weak  colts."  The  tubules  may  be  widely 
separated  and  irregular  ia  shape.  The  space  between  the 
tubules  in  such  a  structure  is  filled  with  serum,  leukocytes, 
fibroblasts,  extravasated  blood  and  exfoliated  follicle  cells. 
(Fig  22).  Some  of  the  tubules  showed  a  distinct  lumen,  while 
others  were  closed.  These  latter  frequently  resemble  groups 
of  nuclei  imbedded  in  a  mass  of  protoplasm,  and  appeared 
mucb  like  giant  cells  as  seen  in  myeloid  sarcomas.  There  was 
always  more  or  less  congestion  and  a  total  absence  of  colloid. 
The  cells  were  simple  cuboidal  and  columnar. 

JMicroscopic  examination  of  sections  of  skin  from  newborn 
hairless  pigs  shows  that  the  hair  follicles  are  apparently  normal 
and  contain  hair  roots  which  have  grown  to  oiily  about  the 
level  of  the  epidermis. 

The  microscopic  changes  in  the  thyroids  of  lambs  resembled 
those  occurring  in  the  glands  of  other  animals.  Although  the 
picture  varied  sightly  in  detail,  in  general  the  follicles  were 
enlarged,  the  cells  increased  in  number  and  there  was  an  ab- 
sence of  colloid. 

Microscopic  examination  of  the  thjToids  of  goats  revealed 
changes  of  a  'hyperplastic  nature  similar  to  that  seen  in  other ' 
animals  but  as  a  rule  a  larger  number  of  follicles  contained 
colloid. 

CAUSE 

It  is  a  known  fact  that  the  thyroid  has  an  important  relation 
to  metabolism. 

Administration  of  preparation  of  the  gland  substances  causes 
in  animals  greatly  increased  elimination  of  nitrogen  in  the 
form  of  urea.  Loss  of  weight  and  strength  indicate  that  this 
nitrogen  comes  from  increased  tissue-destruction.  An  in- 
creased destruction  of  the  body  fat  also  occurs." 

Loss  of  thyroid  tissue,  ejther  through  operation  or  disease 
greatly  reduces  both  nitrogenous  metabolism  and  oxidation 
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processes.  Administration  of  thyroid  extract  will  reestablish 
normal  conditions  under  such  circumstances. 

Decreased  thyroid  secretion  in  the  young  in  utero  prevents 
their  normal  development.  This  is  manifested  by  cretinism, 
weakness  both  physical  and  mental  and  trophic  disturbances 
of  the  skin  and  its  appendages. 

The  thyroid  also  -seems  to  be  able  to  destroy  or  neutralize 
certain  poisonous  substances  formed  as  a  result  of  intestinal 
putrefaction  or  in  metabolism. 

Apparent  symptoms  of  intoxication  follow  complete  removal 
of  the  thyroids  in  many  species  of  animals. 

Removal  of  the  thyroids  is  followed  by  severe  anaemia  (as 
low  as  2,000,000  red  cells),  with  some  leueocytosis,  and  ther^; 
Occur  structural  changes  in  the  blood-vessel  walls  (Kishi)t. 
BcnsOnt  reports  cytoplasmic  degeneration  of  the  liver,  kidneys 
and  myocardium.  Such  effects  suggest  the  possibility  of 
poisonous  substances  in  the  blood  of  animals  lacking  sufficient 
thyroid  tissue. 

Effects  of  thyroidectomy  are  more  pronounced  in  earnivora 
than  in  herbivora  and  thyroideetomized  earnivora  do  much 
better  if  kept  without  meat.  Blum"  reports  that  thyroideetom- 
ized dogs  which  were  doing  well  on  a  milk  diet,  developed 
marked  symptoms  when  changed  to  a  meat  diet.  This  fact  has 
been  interpreted  as  indicating  that  toxic  materials  are  formed 
from  meat  in  the  intestinal  tract  which  under  normal  condi- 
tions are  neutralized  by  the  thyroid. 

In  herbivorous  animals  it  may  be  that  a  diet  like  alfalfa  hay, 
especially  when  high  in  protein  content,  has  a  similar  effect 
to  that  of  meat.  In  those  regions  where  goitre  is  common 
among  domestic  animals  in  Washington,  alfalfa  is  fed  in  many 
instances  almost  exclusively.  The  same  practice  is  of  course 
followed  in  many  non-goitrous  districts. 

It  has  been  frequently  suggested  that  the  cause  of  enzootic 
goitre  is  a  deficiency  of  iodine  in  the  food,  or  in  the  drinking 
water,  or  in  the  air  of  the  goitrous  district.    This  is  supported 
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bv  the  relative  infrequency  of  enzootic  goitre  in  distriets  on 
the  sea-coasts,  where  the  iodine-eontaining  sea-water  is  sprayed 
through  the  air  and  where  animals  may  even  drink  sea-water. 
Infection  has  also  been  suggested  as  a  possible  cause. 

The  presence  of  iodine  in  the  thyroid  glands  was  first  dis- 
covered I»y  Baumann  in  1896,  Since  that  time  many  investi- 
igators  have  studied  the  iodine  content  of  both  buman  and  ani- 
mal thyroids  and  have  demonstrated  that  this  substance  is  de- 
creased in  amount  in  the  glands  of  goitrous  individuals. 

Ill  the  past  few  years,  the  administration  of  iodine  for  the 
prevention  of  goitre  has  been  quite  commonly  practiced.  In  ■ 
1910  llarinef  reported  a  series  of  experiments  in  which  small 
amounts  of  iodine  were  added  to  water  containing  brook  trout 
affected  with  goitre.  Beneficial  effects  followed  such  treat- 
ment. 

Welch,"  of  the  Montana  Agricultural  Experiment  Station,  in 
reporting  the  results  of  iodine  feeding  experiments  with  preg- 
nimt  sffws  in  goitrous  districts,  states;  "The  results  from 
iodine  feeding  have  apparently  been  very  favorable,  but  as 
there  were  no  cheek  experiments  there  is  an  element  of  error 
possible. ' ' 

Hart  and  Steenbock*.  of  the  Wisconsin  Experiment  Station, 
report  that:  "We  have  successfully  corrected  the  hairless  pig 
trouble  by  giving  the  sow  during  her  entire  gestation  period 
ten  grams  of  potassium  iodide  per  100  pounds  of  feed."  Check 
experiments,  however,  were  not  reported  in  this  publication. 

Many  stockmen  in  goitrous  districts  have  administered  iodine 
to  pregnant  animals  and  report  good  results  following  its  use. 

In  the  experiments  conducted  by  this  Station  the  work  was 
done  with  hogs,  sheep  and  angora  goats,  but  many  experiments 
were  also  carried  on  in  co-operation  with  stockmen  on  horses 
and  cattle.  The  angora  goats  proved,  on  account  of  their  ex- 
treme susceptibility  to  this  trouble,  to  be  the  best  experimental 
subjects  and  it  was  possible  to  completely  control  the  results 
of  the  work  with  these  animals, 

-tBuI.  No.  7.     Dept.  of  Fisheries,  Commonwealtb  ot  Penn. 
■Bulletin  119.     Agr.  Exp.  Sta.,  Uni.  ot  Montana. 
tBulletin  297.     Agr.  Exp.  Sta.,  Unl.  ot  Wisconsin. 


,:,:kv,  Google 


It  has  been  definitely  proved  that  the  administration  of 
iodine  in  Various  forms  and  by  different  methods  will  prevent 
goitre  and  its  associated  conditions.  On  the  other  band,  no 
one  has  succeeded  in  producing  this  condition  at  will  by  feed- 
ing experimentH  in  a  sufficient  number  of  cases  to  assume  that 
this  can  be  done. 

It  may  be  that  other  factors  besides  the  deficiency  of  iodine 
in  the  food  and  water  are  responsible  for  goitre.  The  fact, 
however,  that  iodine  when  absorbed  either  from  the  intestines, 
the  subcutaneous  tissue  or  through  the  unbroken  skin  is  capa- 
ble of  preventing  this  malady  indicates  that  this  element  only 
i.s  needed  to  correct  the  trouble. 

As  previously  stated,  wild  animals  which  range  in  the  moun- 
tains above  the  goitrous  districts  are  not  affected.  This  is  also 
true  ,in  a  measure,  of  sheep,  cattle,  horses,  and  other  domestic 
SQimals.  Upon  investigation  it  was  found  that  in  various  lo- 
calities in  these  regions  there  were  so-called  "deer-licks"  that 
are  frequented  by  deer  and  other  animals  which  devour  a  large 
quantity  of  the  soil.  Samples  of  the  soil  from  one  of  these 
"deer  licks"  have  been  analyzed  by  our  Chemistry  Division 
and  the  report  shows  a  high  percentage  of  iodine  as  compared 
with  similar  samples  taken  from  other  places  in  the  goitrous 
districts. 

Table  I — ANALYSIS  OP  "DEER  UCK"   BOIL 

Iodine 0.032  % 

Water  soluble  coastituents  calcnlated  on  baslB  of  the 
following  components: 

Sodium    tiiearbonate    0.1739% 

Sodium    chloride    0.1118% 

Calcium  oxide    0.0094% 

Phosphorous    pentoxide    0.003  % 

Total    Solids    0.331  % 

Iron,  alumina,  magnesia,  silica,  potash,  organic  matter  and 
sulfates  were  not  determined,  since  they  were  present  in  only 
very  small  quantities. 

Analysis  of  iodine  content  of  soils  from  a  goitrous  district 
show  the  folowing  results : 

virgin    soil Iodine         .00153571% 

Cultivated    soil    Iodine  .00161397% 
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The  Iodine  Contest  of  Foodstuffs— In  1915  and  1916  Forbes 
and  Beegle*  made  a  determmation  of  the  iodine  content  of  food- 
stuffs collected  from  goitrous  and  non-goitrous  areas.  To  quote 
from  their  report,  "This series  of  estimations  was  intend- 
ed especially  as  an  investigation  of  the  geographic  distribution 
of  iodine  in  foods,  with  the  idea  that  the  relation  of  the  results 
to  the  geographic  distribution  of  goitre  might  be  enlightening," 

In  summarizing  the  authors  among  other  things  have  this 
to  say  in  reference  to  the  table  of  results;  "This  table  im- 
presses one  with  the  smallness  of  the  proportion  of  our  food 
products  which  contain  iodine,  the  minute  quantities  in  which 
iodine  is  ordinarily  found,  and  the  haphazard  nature  of  its 
distribution." 

With  reference  to  iodine  content  of  foods  from  goitrous  areas 
the  authors  state :  ' '  The  iodine  content  of  foods  grown  in  these 
goitrous  regions  appears  not  to  be  lower  than  in  foods  grown 
elsewhere — nor  is  a  high  iodine  content  characteristic  of  foods 
grown  in  goitrous  regions." 

The  following  table  is  taken  verbatim  from  Bui.  299,  Ohio 
Agricultural  Experiment  Station.  It  shows  the  iodine  content 
of  samples  which  were  sent  from  Washington  and  represent 
both  goitrous  and  non-goilroua  regions: 
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Iodine  Content  of  Thyroid  Olandi — During  our  preliminary 
investigation  we  collected  112  thyroid  glands  from  both  noriiial 
and  goitrous  animals  of  various  species.  Iodine  determinatious 
of  these  glands  according  to  Kendall's  method  were  made  for 
the  purpose  of  comparison  and  study. 

Table  III  shows  in  detail  the  weights  of  the  thyroids  collect- 
ed their  source  and  the  per  cent  of  iodine  eoufent. 

These  analyses  were  made  hy  the  Chemistry  Division,  State 
College  of  Washington. 

Tubie  III — WEir.MTS  AMI  IODINE  rONTFNT  OF  THYROIDS 


Per  Cent  ol 


£  Weight  of  ,      5. 

«"   (^'^1*'™=    I     I-     Iodine  Content 
S    in  grams        «, 


newDom   normal   pig.  , 

ij 

-d:o2 

-0,^ 

"o.ia 

0702380 

0.27770 

0.10020 

Normal  hog  (450  Iba.) 

1 

5.20 

18.1 

10.08 

0.00213 

0.0210610. oosr.2 

Normal  hog  (250  lbs.) 

1 

Normal  ho~  (250  lbs.) 

1 



Newborn    hairless    pig. 

45 

0.20 

i.'s 

0.65 

0.00343 

0.04300 

0.01443 

Normal    adult    sheep.  . 

11 

3.16 

7.95 

4.8S 

0.00005 

0.01721 

0.00244 

Adult   goitrous   ewe..  . 

1 

72.00 

0.00460 

Newborn  goitrous  lamb 

6 

7.60 

32.8 

lo'.oo 

0.00324 

0.00715 

0.00534 

Adult   Angora  doe 

with   goitre    

3 

17.30 

62.3 

44.40 

0.00410 

0.02140 

0.01190 

Newborn  Angora  hid 

with   goitre    

28 

9.20 

78.5 

31.78 

0.00137 

0.01220 

0.00500 

Newborn  weak  colt... 

J 

12.00 

0.00710 

A  careful  study  of  this  table  shows  that  variation  in  size 
and  iodine  content  of  thyroids  in  both  normal  and  hairless  pigs 
is  not  striking.  In  other  words  an  examination  of  only  a  few 
glands  would  not  reveal  any  great  difference.  In  many  cases 
the  thyroids  of  normal  pigs  may  be  as  large  or  larger  than 
those  of  hairless  pigs  and  the  iodine  content  may  be  less.    In 
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order  to  see  the  difference  it  is  necessary  to  examine  the  glands 
of  a.  comparatively  large  number  of  pigs. 

Thus  it  will  he  seen  that  although  individual  cases  do  not 
fihow  a  great  difference,  an  examination  of  a  targe  number  of 
glands  shows  that  the  average  weight  of  those  from  hairless 
pigs  is  much  greater  than  of  those  from  normal  pigs  and  the 
average  iodine  content  is  much  less. 

In  the  case  o£  sheep  it  is  hardly  possible  to  make  eompariso'is 
of  the  above  examinations  because  the  normal  thyroids  were 
those  of  adults  and  the  goitrous  glands  were  from  newborn 
lambs.  There  is,  however,  a  striking  difference  in  the  size  of 
the  glands  of  these  animals.  In  spite  of  the  fact  that  the  goi- 
trous glands  were  from  newborn  lambs  the  weight  of  the  small- 
est was  almost  as  great  aa  the  weight  of  the  largest  glands  from 
an  adult  normal  sheep.  The  percentage  of  iodine  content  in 
this  case  was  smaller  in  normal  glands  than  in  goitrous  glands 
but  this  may  have  been  due  to  age  and  possibly  to  seasonal  in- 
fluences. The  normal  glands  were  obtained  in  the  winter  while 
the  goitrous  ones  were  collected  in  the  spring.  Unfortunately 
we  did  not  have  normal  glands  of  newborn  lambs  for  study. 
It  is  hoped  that  such  glands  may  be  collected  in  the  future. 
Acomparative  study  of  goitrous  and  normal  glands  of  goats 
is  not  possible  at  this  time  as  we  have  been  unable  to  collect 
the  latter.  The  difference  in  size,  however,  is  so  striking  clin- 
ically and  on  autopsy  that  little  discussion  is  necessary.  The 
iodine  content  as  seen  in  the  table  is  very  small  and  the  average 
percentage  is  even  lower  than  that  found  in  thyroids  of  hair- 
less pigs. 

EXPEBIIOENTAL  WORE  WITH  ANIH&LS 

Plan  of  Experiments — After  conducting  our  preliminary  in- 
vestigation it  was  decided  to  do  some  experimental  work  with 
a  view  of  determining  if  possible  the  cause  and  method  of  con- 
trol of  goitre  and  associated  conditions  in  domestic  animals. 
After  consulting  all  of  the  available  literature  on  the  subject 
we  thought  it  advisable  to  attack  the  problem  from  some  other 
angle  than  had  previously  been  attempted  up  to  that  time.  Ap- 
parently no  one  had  been  able  to  produce  this  type  of  goitre 
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at  will  but  we  thought  that  possibly  this  might  be  done.  In 
our  first  work  a  series  of  feeding  experiments  were  outlined 
whereby  we  thought  it  possible  to  determine  the  cause.  In 
order  that  this  work  might  be  conducted  most  economically  it 
was  thought  best  to  do  it  in  a  goitrous  district.  Accordingly  h 
location  was  selected  in  the  Methow  Valley  in  Okanogan  Coun- 
ty near  Winthrop,  Wasbington,  where  goitre  is  very  prevalent. 
A  series  of  thirty  pens  were  built  in  a  row,  each  measuring  30 
feet  by  8  feet  with  a  shed  6  feet  deep  in  the  north  end,  facing 
south  for  shelter.  The  walls  were  boarded  up  4  feet  in  height 
so  as  to  prevent  communication  and  obviate  any  possibility  of 
feed  getting  from  one  compartment  into  another. 

The  animals  used  in  these  feeding  experiments  consisted  of 
nonpregnant  does,  ewes  and  sows.  These  species  were  chosen 
because  they  represented  the  variations  in  goitre  and  being 
small  they  could  be  used  more  economically  than  horses  and  t-at- 
tle.  Two  groups  of  animals  were  used ;  one  group  consisted  of 
normal  females  from  non-goitrous  regions  and  the  other  consist- 
ed of  females  from  goitrous  regions  which  were  known  to  have 
given  birth  to  goitrous  young  the  previous  spring.  The  normal 
animals  were  to  serve  as  checks  for  the  goitrous  ones.  Each 
group  of  animals  was  divided  into  five  lots.  All  animals 
were  fed  a  ration  of  alfalfa  hay  and  corn;  hogs  received  equal 
proportions  of  each,  while  sheep  and  goats  received  a  mixture 
of  one  part  com  and  four  parts  alfalfa  hay.  The  distribution 
of  the  animals  and  the  method  of  feeding  and  watering  with 
regard  to  source  of  feed  an^  water  can  best  be  seeen  by  refer- 
ring to  Table  IV. 

The  iodine  content  of  the  water  used  in  these  experiments 
was  as  follows : 

Iodine  Content 

Methow  River  water  (goltrouB  region) 000114% 

Methow  Valley  Bpring  water  (goitrous  region)    Trace 

Artesian  water   (non-goitrous  region)    Trace 
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Ti.r>lc  IV. — PLAN  OF  EXPKIiIMI<:!VTS  BEGUN  NOV.  11,  IBIS 


1      i 
I  to    6  inc.]  3  i  3 

1      1 
i     i 

= 

3 

3 

3 

Alraltahay  aiju 

corn  grown  in  a  Methow  River. 
non-eoiti'ous       igoitrous  region 
i-egion.                 1 

II 

7  to  12  incl  3  |  3 

!  { 

3 

' 

3 

3 

Alfalfa  hay  and 
com  grown  in  a 
non-eoitroua 
rcEion. 

Spring  water 
trom  the  Methow 
Valloy.  a  goitrous 

region 

III 

13  tolSincj  3 

3 

3 

3 

2 

2 

Altalta  hay  and 
com  grown  in  a 
goitrous  region 

Artesian  water 
from  Pullman,  a 
non-goitrous 
re & Ion 

IV 

19  to  24  inc.]  3 

I 

3 

3 

3 

2 

2 

Alfalfa  hay  and 
com  grown  in  a 
goitrous  region 

Equal  parts  ot 
Methow  River 
and  spring  water 
boiled  Cor  2  0 
minutes 

V     25  to  30  inc.'  3 

1                           \ 

1                           1 

3 

3 

3 

2 

2 

Alfalfa  hay  and 
com  grown  in  a 

non-goitroUB 
region. 

li;qual  parte  oi 
Hethow  River 
and  spring  water 

boiled  for  20 
minutes 

animals    usedj  30    1   30 

24 
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In  planning  the  expi'rimental  fcwliriK  fiir  ttic  aninmlH  in 
Tjots  IV'  and  V  we  had  in  mlml  the  pOi^sibility  of  organismR 
being  the  canse  i>f  goitre  and  it  was  hoped,  if  this  theory  had 
atiy  fdundalion,  that  we  could  determine  whether  sueh 
pathogens  were  present  in  the  water  or  feed  or  both.  On  the 
other  hand  it  was  assumed  that  if  Ihe  eatise  was  of  ehemieal 
origin  that  there  would  be  a  variation  in  the  effeet  upon  the 
offspring  of  the  animals  in  these  lots  because  feed  from  a 
goitrous  region  was  used  in  one  lot  and  feed  from  a  noii- 
gnilrous  region   in   the   other. 
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The  above  feeding  experiments  as  outlined  were  started 
OQ  Xdvember  11,  1915,  and  continued  for  a  period  of  aliuosi 
two  years.  The  animals  were  confined  in  the  pens  as  indicat- 
ed from  the  time  the  work  was  started  iiDtil  May  and  June, 
1917.  after  they  had  given  birth  to  youn{<  that  .sprinig.  They 
were  then  turned  out  for  the  first  lime. 

In  order  to  facilitate  the  keeping  of  records  all  goitrous 
f-malcs  wen-  designated  by  odd  numbers  and  confined  to  odd 
■lumbered  pens,  and  all  normal  females  were  designali^d  by 
even  niimbers  and  confined  in  oven  numebred  pens. 

It  was  originally  intended  to  use  three  females  in  eaili  pen 
in  order  that  <me  or  more  young  would  be  assured.  This  was 
not  carried  out  in  the  case  of  sows,  as  we  were  unable  to  ob- 
tain the  desired  number;  hence  the  reason  for  using  only  two 
sows  in  each  of  the  pens  in  Lots  III,  IV  and  V. 

All  experimental  animals  were  bred  at  the  proper  time  in 
the  fall  of  1915,  Beginning  at  this  time,  accurate  records 
were  kept  of  date  of  breeding,  date  of  births,  character,  con- 
dition and  number  of  young,  etc. 

Results  of  Experiments  with  Chjata— Unfortunately  <)ur  ex- 
periments the  first  sea.son  with  goats  were  vitiated  because 
of  impotency  of  the  buck  used.  A  number  of  the  iffoitrous 
does  i:ave  birth  to  young  in  January  Hud  February.  1916,  as  a 
result  of  previous  breeding  of  which  we  were  unaware  at  the 
time  the  animals  were  purchased.  Because  of  this  we  did 
not  attempt  to  draw  any  condnsifins  from  the  results  of  that 
year's  experiments  with  these  animaLs, 

In  the  fall  of  1916  another  buck  was  purchased  and  all  doe.s 
were  again  bred.  Of  the  thirty  does  in  this  experiment 
twenty-two  gave  birth  to  thirty  young  in  the  spring  of  1917. 
Three  does  died  and  five  failed  to  eoneeive;  all  lots,  however, 
were  represented. 

All  young  dropped  by  the  twenty-two  does  were  affected 
with  goitre  at  birth  and  many  were  partially  or  totally  hair- 
les.s.  Some  were  Btillborn,  while  others  were  alive  and  died 
within  a  few  hours  after  birth. 

The  results  would  indicate  that  the  cause  was  present  in 
both  spring  and  river  wat«r  and  feed  from  a  go'troiis  region. 
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It  aUo  Indicated  that  infection  played  no  part  in  the  cause  of 
goitre. 

Although  goitre  and  lialrleasness  in  all  cases  were  unmistak- 
able there  was  a  slight  variation  manifested  in  the  newborn 
kids  in  the  different  lots.  Those  bom  in  Lot  IV  showed  the 
largest  thyroids,  the  most  pronounced  ca^es  of  hairiessness 
and  all  were  dead  at  birth.  None  of  the  goitrous  does  iu  this 
lot  gave  birth  to  young,  but  as  the  condition  was  so  pro- 
nounced in  the  young  of  the  normal  does  we  did  not  consider 
that  onr  results  were  other  than  satisfactory. 

Goitre  and  hairlcssnes  was  much  less  pronounced  in  the 
young  born  in  Lot  V;  three  of  the  five  kids  were  alive  at 
birth  and  one  lived  five  hours.  The  condition  was  somewhat 
more  pronounced  in  Lots  I,  II,  and  III,  but  not  by  any  means 
as  much  as  in  Lot  IV.  Both  goitre  -and  hairlessness  was  mani- 
fested to  about  the  same  degree  in  the  young  in  the  first  three 
lots.  The  reader's  attention  is  called  to  the  fact  that  the 
animals  iu  Lot  IV  were  given  both  feed  and  water  from  a 
goitrous  region,  while  those  in  the  other  lots  received  either 
water  or  feed  only  from  a  goitrous  region. 

During  the  summer  of  1917  the  does  were  turned  out  oq 
pasture  in  the  goitrous  region,  but  were  again  confined  in 
pens  in  the  fall  and  bred.  At  this  time  we  had  twenty-four 
of  the  original  thirty  does,  six  having  died.  These  twenty- 
foar  does  were  divided  into  four  lots  and  given  feed  grown  in 
a  goitrous  district  and  Methow  river  water.  The  ration  con- 
sisted of  one  part  com  and  four  parts  alfalfa  hay.  The 
animals  were  segregated  and  treated  a.s  shown  in  Table  V. 
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Tabl«  V^-RESVLTS  OF  IODINE  TESTS,  1917-1918 

(Six  does  In  each  lot) 


I  Tbe  six  ao«s  In  this  lot 
used  as  controls  and 
treated. 


I  2  grains  pally 

II  [Pot.  in  H  oz  during    jPer 

I  Iodide    j  water       gestationorem 


5  mils.  Weekly 
ol  10%  during 
Bolntion  Lestation  cutaneoualy 


All  showed  marked 
goitre  and  many 
were  hairless;  8 
were  stillborn;  the 
other  2  died  short- 
ly after  birth. 
Normal"  In  every 
respect.  No  Indica- 
tion of  goitre ; 
I  bodies  wall  cov- 
I  ered  with  hair. 

7  '  Normal  in  every 
I  way  No  Indica- 
{  tion  o(  soitre; 
!  bodies  well  cot- 
I  ered  with  hair. 

8  I  Seven  were  nor- 
I  mal.  One  showed 
I  a  very  alight  thy- 
I  rold  enlargement 
I  but  was  well  haired 

and   otherwise   nor- 
mal. 


The  above  experiments  prove  beyond  a  doubt  that  iodim; 
administered  per  orem,  subcutaneously  or  on  the  skin  can  be 
absolutely  depended  upon  to  prevent  this  type  of  congenital 
goitre.  It  is  the  first  time  to  our  knowledge  that  experiments 
of  this  character  have  been  conducted  with  animals  where 
the   results  were   absolutely   controlled   with   check   animals. 

During  the  summer  of  1918  the  does  were  turned  out  on 
pasture.  Several  died  because  of  advancing  age  and  the  rest 
were  again  used  for  experimental  work  in  the  fall.  The 
method  of  feeding  was  tbe  same  as  the  previous  season  and 
the  animals  were  divided  into  three  lots  and  treated  as  shown 
in  Table  VI. 
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Table  VI. — RESULTS  OF  IODINE  TESTS,  ISIS-IC 


Two,    each    dropped    by 
dlffereot   doe,  were  normal 
In  every  respect.     One  ^ 
stillborn,    balrless   and    bad 
I  goitre. 

1  I  1    mil.    of   tinc- 

j  ture    ol    Iodine 
Untreated   j  poured  on  akin 
Controls      |  weekly     during 
I  gestation 
|1 


J  every  t 

I  weeks      during 
I  gestation 


It  is  obvious  from  the  results  ia  Lot  I  that  although  a  female 
may  retain  a  sufficient  amount  of  iodine  if  treated  dwing  a 
previous  pregnancy  to  prevent  goitre  in  some  eases,  this  can- 
not be  depended  upon.  In  order  to  be  certain  of  results,  io- 
dine must  be  given  during  every  gestation  period. 

It  is  interesting  to  note  the  record  of  doe  No.  20  for  four 
.successive  igestation  periods.  In  1916  and  1917,  when  untreat- 
ed, this  doe  gave  birth  to  young  affected  with  goitre  aud  hair- 
Icssncss.  In  1918,  after  being  treated  by  subcutaneous  inje';- 
tions  of  iodine,  she  gave  birth  to  perfectly  normal  twins.  lu 
1919,  without  treatment,  she  again  gave  birth  to  goitrous 
and  hairless  young. 

It  might  be  stated  at  this  time  that  besides  preventing; 
goitre  in  newborn  kids  the  administration  of  iodine  had  a  de- 
rided influence  on  the  doe  treated.  Many  of  these  does 
showed  before  treatment  an  enlargement  of  the  thyroid 
glands.  In  some  cases  the  glands  were  as  large  as  a  man's 
fist  and  hung  like  a  pendulum.     Iodine  treatment  caused  a 
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material  decrease  in  the  size  of  these  glands  in  all  cases.  Al- 
though the  glands  were  not  reduced  to  normal  size,  in  some 
of  the  more  pronounced  cases  the  reduction  ia  size  was  so 
marked  that  there  seemed  to  be  only  a  fold  of  skin  where 
iormerly  the  glands  were  very  prominent. 

Beanlts  of  Experiments  with  Sheep — The  results  of  experi- 
mental work  with  sheep  was  very  unsatisfactory  and  incon- 
clusive during  the  first  two  years,  when  feeding  experiments 
were  conducted  with  a  view  to  determining  the  cause  of  goitre. 

The  results  of  these  feeding  experiments  are  shown  iu 
Table  VII. 
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lambs    were    normal. 
There  was  no  indication  of 

.  I  The  lambs  from  the  Eol- 
I  trouB  ewes  showed  sUsfat 
I  thyroid  enlarEement  but 
:  were  alive  and  otherwise 
[  normal.  Lambs  of  normal 
I  ewes  were  normal  fn  every 

9  '  All  lambs  were  normal.  • 
I  There  was  no  indication 
,  of  goitre. 

7  I  The'  lambs  of  all  golU-ou s 
I  ewes  were  perfectly  nor- 
]  mal.  Twin  lambs  were 
I  dropped  by  two  of  the  nor- 
I  mal  ewes.  All  were  a(- 
I  fected  with  goitre  and  one 
I  pair  were  woolless  and 
I  atillbom. 

7    {  All    lambs    were    normal. 
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ery  respect. 
]~The  iamb  of  ^ne'  goitrous 
I  ewe  showed  slight  thy- 
I  roid  enlargement,  but  was 
I  otherwise  in  perfect 
{ health.  All  other  lambs 
[  were  perfectly  normal. 
~ |~The  lamb  of "  one  goltroas 
I  ewe  was  stillborn,  thinly 
I  wooled  and  showed  thy- 
I  roid  enlargement.  All 
j  other  lambfl  were  normal. 


I  One  goitrous  ewe  and  two 
normal  ewes  gave  birth  to 
goitrous  lambs.  All  other 
-lambs  were  normal. 


1    ]     3    [  Twin    lambs   from   normal 


I  soitrottH  ewe  was  normal. 


No  explanation  is  offered  for  the  irregrularity  of  results  in 
these  feeding  experiments  with  sheep.  It  is  difficult  to  sen 
why  a  goitrous  ewe  in  Lot  II  should  give  birth  to  a  goitrous 
lamb  in  1916  and  under  the  same  conditions  of  feed  and  care 
should  give  birth  to  a  normal  lamb  in  1917.  It  also  seems 
strange  that  two  normal  ewes  in  Lot  IV  should  give  birth  to 
goitrous  lambs  after  the  first  gestation  period,  while  threu 
goitrous  ewes  under  like  conditions  drop  normal  lambs.  Need- 
less to  say,  this  lack  of  uniformity  in  results  is  puzzling.  It 
seems  i-ertaiu,  however,  that  individual  sheep  show  a  great 
variation  in  susceptibility  to  goitre  and  on  the  whole  are 
much  less  susceptible  than  goats.  In  some  cases  it  would  ap- 
pear that  an  immunity  is  developed,  but  this  is  hardly 
probable. 

During  the  summer  of  1917  all  of  the  experimental  ewea 
were  pastured  in  a  goitrous  region.  At  this  time  there  re- 
mained twenty-seven  of  the  original  thirty,  three  baving  died. 
In  the  fall  these  twenty-seven  ewes  were  divided  into  four 
lot's,  as  shown  in  Table  VIII,  confined  in  pens  and  given 
feed  grown  in  a  goitrous  region  and  Methow  river  water, 
Tabl«  Vni. — RE8UI/rS  IN  1918 


5a 


^ 

7 

Gave  birth 
to  goltroue 
yonng 

1  part  corn 
6  parts  al- 
falfa  bay 

2  grains  pot. 
Iodide  per  orem 
daily  during 
gestation 

■ 
Normal 

■ll 

6 

Gave  blrtb 
to  normal 
young 

1  part  com 
5  parte  al- 
falfa hay 

None 

Normal 

111 

7 

Gave  birtb 
to  normal 
young 

1  part  oats 
5  parte  al- 
falfa hay 

None 

Normal 

IV 

to  normal 
young 

1  part  barley 
5  parts  al- 
alfalfa  hay 

NoDe 

Normal 

In  the  first  lot  the  administration  of  potassium  iodide  ap- 
parently prevented  goitre  in  the  young,  but  the  results  are  en- 


tirely  emperical,  as  the  other  three  lots  can  not  be  considered 
as  suitable  controls. 

In  the  fall  of  1918  the  ewes  were  divided  into  three  lota, 
given  a  ration  of  one  part  corn  and  five  parts  alfalfa  hay 
grown  in  a  goitrous  region  and  Methow  river  water.  All 
animals  were  treated  during  pregnancy;  the  first  lot  by  ad- 
ministration of  two  grains  potassium  iodide  per  orem  once 
daily,  the  second  by  subcutaneous  injection  of  five  mils  of 
a  ten  per  cent  sqltition  of  tincture  of  iodine  once  a  week  and 
the  third  by  pouring  one  mil  of  tincture  of  iodine  on  the  skij 
of  the  back.  All  lambs  dropped  by  these  ewes  in  the  spring 
of  1919  were  perfectly  normal.  Here  again  the  results  must 
be  considered  as  emperieal,  as  suitable  checks  could  not  be 
made. 

Experiments  with  Hogs — The  results  of  experiments  with 
hogs  were  even  more  disappointing  than  those  with  sheep. 
After  conducting  experiments  with  sows  for  two  years,  as 
outlined  in  Table  IV,  we  found  that  it  was  impossible  to  cause 
the  production  of  hairless  pigs  with  any  degree  of  certainly 
or  tmiformity.  Twelve  of  the  twenty-four  sows  used  were 
goitrous  animals;  that  is,  they  were  known  to  have  farrowed 
hairless  pigs  before  they  were  used  for  experimentation.  In 
selecting  them  we  were  careful  to  choose  individuals  that  had 
farrowed  entire  litters  of  hairless  pigs  in  the  spring  of  1915. 
In  the  spring  of  1916  all  sows  except  three  farrowed  per- 
fectly normal  well-haired  pigs.  One  litter  of  five  farrowed 
by  a  goitrous  sow  (No.  77)  in  Lot  IV"  was  hairless.  Two  other 
litters,  one  farrowed  by  a  goitrous  sow  in  Lot  I  and  another 
by  a  normal  sow  in  Lot  V,  showed  a  slight  loss  of  hair,  but 
the  pigs  were  strong  and  most  of  them  were  saved. 

Although  there  was  no  uniformity  in  the  outcome  of  the 
experiments  after  the  first  gestation  period,  it  is  interesting 
to  note  that  the  only  sow  which  farrowed  typical  hairless 
pigs  (No.  77)  was  in  Lot  IV.  In  this  lot  both  feed  and  water 
from  a  goitrous  region  were  used.  It  is  of  course  strange  that 
the  other  sow  in  the  same  pen  did  not  show  the  same  results; 
this  may,  however,  be  due  to  a  variation  in  susceptibility. 
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In  the  spring  of  1916  all  of  the  sows  were  rebred  for  fall 
pigs.  In  the  fall  all  but  five  of  the  sows  farrowed.  All  peoi 
except  one  (No.  24  in  Lot  I^')  were  represented  by  one  or 
more  litters.  All  sows  which  farrowed  had  normal  well-hairerl 
pigs  except  No.  77  in  Lot  IV ;  this  sow  aigain  farrowed  hairless 
pigs,  seven  in  number.  Her  mate  farrowed  a  normal  litter. 
It  was  unfortunate  that  the  two  normal  sows  in  the  same  lot 
did  not  conceive,  but  this  did  not  apparently  interfere  with 
the  resnlts  because  these  sows  farrowed  the  following  spring 
and  their  pigs  were  normal. 

All  sows  were  again  bred  in  the  fall  of  1316  and  all  but 
one  farrowed  the  following  spring.  Sow  No.  77  in  Lot  IV, 
which  previously  farrowed  two  litters  of  hairless  pigs,  this 
time  farrowed  a  litter  of  five,  four  of  which  were  normal;  the 
fifth  was  partially  hairless,  but  lived. 

As  this  method  of  experimentation  seemed  fruitless  from 
the  standpoint  of  determining  the  cause  of  hairlessness  in 
newborn  pigs  it  was  abandoned  in  the  spring  of  1917.  Durin-^ 
the  summer  the  sows  were  pastured  on  green  alfalfa  in  :i 
goitrous  region. 

During  our  preliminary  investigation  we  were  informed  by 
stockmen  that  certain  rations  seemed  to  be  responsible  for 
hairlessness.  They  generally  considered  that  if  pregnant  sows 
were  fed  exclusively  on  alfalfa  hay  or  alfalfa  hay  and  oats, 
hairless  pigs  would  result,  while  if  alfalfa  hay  was  supplement- 
ed with  com  or  barley  the  condition  would  be  prevented.  lu 
order  to  determine  the  truth  of  this  belief,  a  series  of  experi- 
ments were  begun  in  the  fall  of  1917,  The  sows  were  divided 
into  three  lots  and  maintained  during  gestation  on  feed  and 
water  from  a  goitrous  region.     The  rations  were  as  follows: 

Lot  I  received  equal  parts  of  alfalfa  hay  and  corn. 

Lot  n  received  a  ration  of  one  part  alfalfa  hay  and  two 
parts  barley. 

Lot  III  received  a  ration  of  five  parts  alfalfa  hay  and  one 
part  oata. 

In  the  spring  of  1918  all  but  two  of  the  twenty-four  sows 
farrowed.  In  every  instance  the  young  were  perfectly  normal 
and  well  haired.    The  ration  used  in  Lot  11  seemed  entirely 
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inade(iuate  to  maintain  the  sows  in  good  physical  coudition, 
but  the  litters  ia  this  lot  were  more  uniform  in  size  and  ap- 
parently more  thrifty  than  in  the  other  lots.  Sow  No.  77, 
which  was  in  Lot  I,  farrowed  five  normal  well-haired  pigs. 

It  is  quite  evident  from  the  above  experiments  that  hoigs 
ere  much  less  susceptible  to  goitre  than  either  goats  or  ewes. 
It  is  a  known  fact  that  hairless  pigs  are  more  common  some 
seasons  than  others.  This  may  be  due  to  a  variation  of  iodini 
content  in  feed  and  water  in  different  seasons.  During  the 
same  seasons  that  our  experiments  were  being  conducted 
many  stockmen  living  near  our  temporary  station  were  ex- 
periencing trouble  with  hah-less  pigs.  It  would  seem  then  tha-E 
we  should  have  experienced  the  trouble  during  that  time  also 
but  this  was  not  the  ease.  Pew  stockmen  are  in  the  habit  of 
f*t^5ing  the  amount  of  grain  that  our  sows  received  and  thi:* 
may  in  a  measure  account  for  the  difference  in  results.  Al- 
though it  has  not  been  proved  by  analyses,  it  may  be  thai 
grain  supplies  iodine  or  some  other  material  which  is  capable 
of  overcoming  hairlessness  in  pigs. 

In  the  fall  of  1918  our  sows  were  again  placed  on  a  corn 
and  alfalfa  ration.  They  were  divided  into  four  lots;  the 
sows  in  three-  lots  were  treated  with  iodine  in  various  ways, 
the  same  as  the  experimental  goats,  and  the  fourth  was  left 
untreated.  In  all  cases  the  farrowed  pigs  were  normal  so 
the  details  of  this  experiment  are  here  omitted. 

Field  ExpwimentB — Because  of  the  excellent  results  which 
followed  the  use  of  iodine  in  the  treatment  of  pregnant  An- 
gora does  and  Merino  ewes  for  the  prevention  of  congenital 
goitre,  it  was  thought  advisable  to  try  out  this  method  on 
other  species  of  animals.  In  order  to  do  this  most  econom- 
ically we  decided  to  conduct  field  experiments  in  co-operation 
with  stockmen  in  goitrous  regions  where  congenital  goitre 
was  especially  prevalent.  We  realized  that  this  method  of 
conducting  the  work  would  by  no  means  be  ideal  from  au  ex- 
perimental viewpoint  because  suitable  control  experiments 
<  ould  not  be  maintained.  However,  the  practical  results  of 
this  work  have  been  very  gratifying. 
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In  the  fall  of  1918  we  offered  to  furnish  tincture  ot  iodine 
free,  for  the  treatment  of  pregnant  animals,  to  all  applicants 
who  in  turn  would  agree  to  furnish  a  full  report  of  the  results. 
All  animals  were  to  be  treated  hy  pouring  tincture  of  iodine 
on  the  skin  once  every  two  weeks,  beginning  as  early  as  pos- 
sible in  pregnancy.  Cowe  and  mares  were  to  receive  doses 
of  one  teaspoonful  and  other  animals  half  this  amount.  For 
various  reasons  this  schedule  of  administration  was  not  fol- 
lowed in  all  cases.  Most  of  the  sheep  treated  diiring  preg- 
nancy were  given  a  total  of  only  three  doses  of  about  a  tea- 
spoonful  each  time;  the  iodine  was- applied  to  the  skin  inside 
the  flank.  In  many  cases  treatment  was  not  started  until 
pregnancy  had  advanced  weeks  or  months.  Up  to  date  com- 
plete reports  have  been  received  from  twenty-five  stockmen. 
The  following  treated  animals  having  given  birth  to  young: 
77  mares,  137  cows,  28  sows  and  66  sheep.  In  every  instance 
the  owners  reported  perfectly  normal  young.  Although,  as 
previously  stated,  it  was  not  possible  to  conduct  suitable 
check  experiments,  the  fact  that  these  same  stockmen  had 
previously  experienced  more  or  less  trouble  with  goitrous 
animals  before  they  used  iodine,  would  seem  to  indicate  that 
iodine  was  responsible  for  preventing  the  condition. 

Qestation  Period  of  Experimental  Ammftls — Karly  in  our 
investigation  we  reeognized  the  fact  that  contagious  abortio:i 
was  common  among  cattle  in  goitrous  regions.  In  many 
cases  contagious  abortion  and  goitre  occurred  simultaneously 
in  the  same  animal.  Complement  fixation  and  agglutinatio:i 
tests  proved  definitely  that  the  two  conditions  were  in  no 
way  related.  In  order,  however,  to  get  further  data  regard- 
ing this  phase  of  the  problem,  it  was  considered  advisable  to 
keep  accurate  records  of  the  gestation  periods  in  all  our  ex- 
perimental animals. 

The  normal  gestation  period  of  sheep,  igoats  and  pigs  re- 
ported by  Fleming*  is  as  follows : 

"The  sheep  and  goats  go  with  young  about  five  months.  M 
Magne  carefully  noted  the  pregnancy  of  429  sheep  at  the  Al- 
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fort  Veterinary  St-hool  during  a  period  of  eight  years,  with 

the  following  result: 

2  instances  of  143  days  -     57  instances  of  160  days 


"     148      ■'                          7           '•          "    155 
80         - 

"From  this  list  we  observe  that  the  difference  between  the 
longest  and  shortest  period  was  only  thirteen  days,  by  far 
the  largest  number  of  births  occurring  between  the  147th  and 
151st  days;  the  shortest. was  143  days  and  the  longest  156 
days.  The  average  duration  of  pr^gnani^y  was  about  149  days. 
Gestation  was  longer  with  the  female  than  the  male  lambs, 
and  this  Magne  attempts  to  explain  by  the  greater  develop- 
ment and  weight  of  the  former,  whieh  rendered  parturition 
more  difficult  and  slow. 

"Colin  says  the  average  period  in  the  sheep  is  151  to  152 
days,  though  parturition  may  take  place  from  the  145th  to 
the  160th  day. 

"Dieterichs  gives  the  shortest  period  as  146  days,  the  long- 
est 157 — average  151  days;  and  Baumeister  and  Rueff  state 
the  shortest  period  in  the  sheep  and  goat  as  135  days,  the 
longest  160 — average,  144  days;  the  male  lambs  requiring,  as 
usual.  Ihe  longest  period.  With  regard  to  breed,  these  au- 
thorities found  that  the  period  of  gestation  in  Merinoi 
averaged  150.3  days;  while  with  Southdowns  it  was  only  144.1i 
days,  or  six  days  less. 

"In  the  Merinos,  for  the  male  lamb  the  average  period  wai 
151.1  days,  female  lamb  150.6  days,  and  twins  149.9  days:  and 
in  the  Southdowns.  for  the  male  lamb  144.7  days,  female  lamb 
144,1,  and  twins  144  days. 

"Magne  asserts  that  the  goat  goes  a  little  longer  than  the 
sheep,  the  average  being  five  months  and  some  days;  another 
authority  gives  it  as  148  days. 

"The  pig  is  usually  pregnant  four  months,  or  according  to 
some  authorities  three  months,  three  weeks  and  three  days, 
Baumeister  and  Kueff  give  the  longest  period  as  130  days, 
the   shortest   110 — average.   120;  while   Dieterichs   gives   109 
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days  as  the  shortest  and  133  as  the  longest — average,  115  lo 
116  days;  and  Magae  says  that  it  is  rarely  less  than  109  or 
more  than  120  days.  Rainard  noted  the  period  of  gestation 
la  65  pige,  and  reports  it  to  be  as  follows : 

2  InBtancea — 104  days. 

10  inetancea — 110  to  115  days. 

23  instances — 116  to  120  days. 

27  Instanoea — 121  to  1£5  days. 

2  Instances — 126  days. 

1  Instance  — 127  days. 

"The  average  was,  therefore,  119  days,  the  interval  between 
the  longest  and  shortest  periods  being  23  days." 

In  our  experiments  we  have  records  of  nineteen  normal 
births  in  goats  which  show  an  average  gestation  period  of 
145  days.  There  was,  however,  considerable  variation,  as 
follows : 

1  instance  ot  120  days. 
1  instance  of  129  days. 
1  instance  of  138  days. 
1  instance  of  143  days. 
1  instance  of  146  days. 
14  instances  of  147  to  152  days. 

Reeorde  of  twenty-seven  goitrous  births  among  goats  shows 
the  somewhat  higher  average  gestation  period  ot  161  days. 
There  is  also  a  greater  variation,  as  follows : 

1  inetaace  of  130  days. 

1  instance  ot  140  days. 

4  instnaces  of  145  to  lEO  days. 

9  Instances  of  151  to  160  days. 

6  instances  ot  161  to  170  days. 

4  instances  ol  171  to  180  days. 

1  instance  of  183  days. 

1  Instance  ot  193  days. 

1  instance  of  196  days. 

From  the  foregoing  it  is  observed  that  the  difference  be- 
tween the  longest  and  shortest  period  of  gestation  in  goats 
when  giving  birth  to  normal  young '  was  thirty-tvro  days, 
while  in  the  case  of  goitrous  young  it  was  sixty-six  days.  It 
is  also  evident  that  goats  carrying  goitrous  young  usually 
have  a  longer  gestation  period. 

The  same  results  did  not  obtain  in  the  case  of  sheep  and 
their  gestation  period  was  more  uniform.  Records  of  forty* 
five  normal  births  show  an  average  of  151  days ;  varying  from 
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140  to  156  days,  with  one  ioatanee  of  169  days.  Recorda  o£ 
eight  goitrous  births  show  an  average  period  of  153  days, 
varying  from  145  to  159  days. 

The  gestation  period  of  onr  experimental  sows  showed  only 
sl^ht  variation.  Records  of  ninety-six  normal  births  show  an 
average  period  of  115  days.     The  variations  were  as  follows: 

1  instaace  of  102  daye. 

1  Instance  ot  110  days. 

1  Instance  of  111  days.. 
74  tnetances  of  112  to  116  days. 
16  inBtancea  of  117  to  120  daye. 

1  Instance  oC  121  days. 

1  InstaDce  of  124  da^B- 

1  instance  of  126  days. 

The  one  sow  which  farrowed  three  successive  litters  of  hair- 
less pigs  showed  gestation  periods  of  121,  109  and  115  days 
respectively.  Her  last  Utter  which,  was  normal,  was  farrowed 
after  a  gestation  period  of  124  days. 
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SUHMABY 

Hyperplastic  goitre  is  enzootic  auiung  all  species  of  dome:^ 
tic  animals  in  certain  so-called  goitrous  regions.  It  is  especi- 
ally prevalent  in  certain  sections  of  Washington,  Montana, 
and  British  Columbia. 

The  disease  is  manifested  in  somewhat  different  forms  i;i 
the  different  species  of  domestic  aaimals,  but  the  primary 
lesion  in  all  cases  is  of  similar  character  and  consists  of  hypet*- 
plasia  of  the  thyroid. 

This  type  of  goitre  is  of  little  importance  in  the  adult,  but 
causes  grave  disturbances  in  the  newborn.  Affected  colts, 
kids,  lambs,  and  pigs  seldotn  Jive,  while  the  condition  is  les.s 
fatal  to  affected  calves. 

It  has  not  been  definitely  proved,  but  it  is  quite  likely  that 
s  deficiency  of  iodine  in  the  water,  feed  and  possibly  the  soil 
is  responsible  for  the  malady.  Other  unknown  factors  may 
also  be  considered  as  causal  agents. 

Feeding  experiments  indicate  that  either  water,  feed  or 
both  from  a  goitrous  region  may  cause  goitre. 

Perfectly  controlled  experiments  with  Angora  goats  show 
that  goitre  can  be  absolutely  prevented  by  administering 
iodiae  to  does  during  pregnancy.  This  can  be  given  either 
in  the  form  of  potassium  iodide  per  orem  or  tincture  of  iodine 
subcutaneoosly  or  on  the  unbroken  skin. 

Field  experiments  also  indicate  that  the  condition  can  be 
successfnlly  prevented  in  other  species  of  animals  by  the  use 
of  iodine. 
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EXn.ANAT[ON  OF  FIGURES 

The  foliowiqg  illustrations  are  from  original  photographs 
taken  by  the  author  during  the  investigation  of  goitre  anu 
associated  conditions  in  domestic  animals. 

Fig.  1 — A  weak  colt  twenty-four  hours  old.  It  seems  well 
developed  physically,  but  is  so  weak  as  to  be  unable  to  support 
the  head  without  resting  the  nose  on  the  ground. 

Fig.  2 — A  six-weeks-old  weak  colt.  Occasionally  a  colt  of 
this  type  lives,  but  remains  h  permanent  cripple.  At  four 
years  of  age  this  animal  was  practically  worthless  because  of 
the  deformity  of  the  legs. 

Fig.  3 — A  typical  stillborn  goitrous  calf — one  of  a  pair  of 
twins.  The  swelling  in  the  thyroid  region  and  the  absence  of 
hair  over  the  greater  part  of  the  body  may  be  noted.  Hair- 
leesness  is  not  common  in  calves,  but  occasionally  occurs. 

Pig.  4 — Goitrous  calf  six  weeks  old.  Many  calves  in  goit- 
rous regions  show  enlargement  of  the  thyroids  but  appear 
otherwise  to  be  in  normal  health. 

Fig.  5 — A  typical  live  newborn  hairless  pig.  The  thickened, 
wrinkled,  pulpy  skin  may  be  noted. 

Fig.  &^-A  typical  case  of  goitre  in  an  adult  Angora  doe. 

Pig.  7 — A  typical  pair  of  stillborn  goitrous  Angora  twins. 
The  size  of  the  thyroids  and  the  complete  absence  of  hair  may 
be  noted. 

Fi|g.  8 — ^Another  pair  of  stillborn  goitrous  Angora  twins. 
In  (his  instance  the  bodies  are  well  covered  with  normal  hair. 

Fig.  9 — A  pair  of  normal  Angora  twins.  The  doe  which 
gave  birth  to  these  was  treated  during  her  gestation  period 
with  five  mils  of  a  ten  per  cent  solution  of  tincture  of  iodine 
suhcutaneously  once  a  week.  The  previous  year,  without 
treatment,  she  gave  birth  to  the  kids  shown  in  Fig.  7. 

Pig.  10 — Thyroid  of  a  normal  hog.  The  uniform  distribu- 
tion and  size  of  the  follicles  and  the  presence  of  colloid 
may  be  noted,    x  125. 

Fig.  11. — Normal  thyroid  of  a  chicken.  This  resembles  the 
normal  thyroid  of  mammals.  The  follicles  are  quite  uniform 
in  size  and  are  filled  with  colloid.  The  long  tortuous  tube 
in  the  center  is  a  vessel  filled  with  blood,    x  125. 
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Fig.  12 — Xoruial  thyroid  of  a  cow.  The  orderly  arrange- 
ment of  follicles,  the  simple  columDar  cells  lining  them  and 
the  presence  of  colloid  should  be  noted,    x  125. 

F^g.  1:J— Normal  thyroid  of  a  lamb.  Follicles  well  filled 
with  colloid  and  lined  by  simple  cuboidal  epithelium,     x  125. 

Fig.  14 — The  same  as  Fig.  12,  more  highly  magnified.  This 
shows  the  lining  epithelium,    x  500. 

Pig.  15— Same  aa  Pig.  13,  more  highly  magnified,    x  500. 

Fig.  16-r-Thyroid  of  a  newborn  weak  eolt.  The  multituda 
of  small  tubles  lined  by  simple  cuboidal  epithelium  may  be 
noted.  This  field  shows  a  total  absence  of  colloid,  but  a  few 
of  these  tubles  in  the  entire  section  show  the  presence  of  this 
material,    x  125. 

Fig.  17 — This  is  the  same  as  Fig.  16,  more  highly  magnified. 
The  smalt  tubnles,  with  their  lininig  epithelium,  are  here  seen. 
x500. 

Pig.  18 — Section  of  thyroid  of  a  newborn  goitrous  calf.  The 
pronounced  congestion  at  A  may  be  noted.  Outside  of  the  ves- 
sel there  is  an  abundance  of  hemorrhagic  extravasate  repre- 
sented by  the  lighter  areas.  PolHeles  are  entirely  absent.  The 
darker  spots  mixed  in  with  the  extravasate  are  follicle  cells. 
X  125. 

Pig.  19 — A  highly  magnified  portion  of  the  specimen  shown 
in  Fig.  18.  The  non-nucleated  cells  are  red  blood  corpuscles; 
some  are  within  capillaries,  while  others  are  extravasated. 
The  darker  nucleated  cells  are  follicle  epithelium  lying  singly 
and  in  groups. 

Pig.  20 — Thyroid  of  a  six-weeks-old  goitre  calf.  The  hemor- 
rhagic  extravasate  has  been  entirely  absorbed  and  the  con- 
gestion has  materially  subsided.  There  is  formation  of  new 
follicles,  most  of  which  are  very  large  in  size  and  irregular  in 
shape;  they  shout-  an  infolding  of  the  stroma  and  epithelial 
lining.  The  lumen  is  open  and  contains  a  serous  material. 
There  is  one  small  apparently  normal  follicle  at  A  showing 
colloid.    X  125. 

Pig.  21 — A  more  highly  magnified  portion  of  the  preceding. 
The  papillary  projection  in  the  follicle  and  the  serout  material 
in  the  lumen  may  be  noted.     There  is  still  slight  conigestion 
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in  the  i-apillaries  in  the  wall.  The  epithelium  is  distinctly 
columnar,    x  500. 

Pig.  22 — Thyroid  of  a  hairless  pig.  In  this  speciiuea  th« 
lubules  are  widely  iteparated  and  irregular  in  shape,  but  small- 
The  space  between  the  tubules  is  filled  with  serum,  leukocytes, 
filbroblasts,  extravasated  blood  and  exfoliated  follicle  cells. 
There  is  a  complete  absence  of  colloid,    x  125. 

Fig.  23^ — A  more  highly  magnified  portion  of  the  specimen 
bhown  in  Fig.  22,    x  500. 

Fig.  24 — Thyroid  of  a  goitrous  lamb.  The  follicles'  are  vari- 
able in  size,  on  the  whole,  smaller  than  normal.  The  linin;; 
epithelium  is  of  the  simple  columnar  type  and  there  is  a  com- 
plete absence  of  ooUoid.    x  125. 

Fig.  25 — Thyroid  of  a  goitrous  lamb.  The  change  in  this 
thyroid  is  slightly  different  from  that  seen  in  Fig.  24.  Th". 
follicles  are  irregular  in  shape  and  on  the  whole  considerably 
larger  than  normal.  There  are  several  layers  of  columnar 
cells  lining  the  follicles;  many  of  the  cells  are  exfoliated  and 
lie  free  in  the  lumen.  There  is  a  complete  absence  of  colloid. 
X  125. 

Fig.  26 — A  portion  of  the  same  specimen  as  shown  in  Pig, 
24,  more  highly  magnified.  The  columnar  epithelium  and  the 
absence  of  colloid  may  be  noted,    x  500. 

Fig.  27 — A  more  highly  magnified  portion  of  Pig  25,  show- 
ing a  section  of  only  one  follicle.  The  exfoliated  cells  lying 
free  in  the  lumen  may  be  noted,    x  500. 

Pig.  28 — Section  of  the  wall  of  two  adjoining  follicles  in 
the  thyroid  of  a  sow  which  farrowed  hairless  pigs.  The  sev- 
eral layers  of  follicle  cells  and  the  presence  of  a  mitrotie  figure 
i.ear  the  lumen  may  be  noted.  The  lighter  staining  mass  in 
the  lumen  is  serous  material,    x  500. 

Pig.  29 — Thyroid  of  an  adult  chicken  affected  with  goitre. 
The  lai^e  number  of  small  tubules  showing  absence  of  colloid 
may  he  noted.  A  few  apparently  normal  follicles  with  colloiJ 
ore  also  present.  A  vessel  filled  with  blood  is  seen  at  one 
edge.    X  125, 
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Pea  Straw  for  Fattening  Beef  Cattle 

By  H.  HACKEDpBN  and  J.  SOTOLA 

INTRODUCTION 

Peas  are  grown  in  many  sections  of  Eastern  Washington 
in  place  of  fallowing  the  land  during  the  summer.  At  present 
the  pea  growing  area  is  confined  to  those  sections  of  the 
State  where  the  rainfall  exceeds  16  to  18  inches. 

Mach  of  the  crop  is  grown  for  seed  purposes  and  after 
harvesting  and  threshing  a  considerable  amonnt  of  pea  straw 
remains.  The  straw  has  been  used  as  a  feed  for  cattle,  sheep 
and  horses  for  a  number  of  years.  Opinions  differ  widely 
as  to  its  valne  as  a  feed,  for  which  reason  the  Washington 
Experimental  Station  undertook  to  obtain  some  accurate  in- 
formation in  regard  to  pea  straw  as  a  roughage  for  beef 
cattle.  The  following  preliminary  report  is  offered  at  this 
time  with  the  hope  that  it  may  be  of  some  service  to  the  cattle 
men  in  the  State.  Deflnite  conclnsioDg,  howerer,  cannot  be 
drawn  from  the  limited  amount  of  data  available. 

This  experiment  was  planned  with  the  view  of  obtaining 
reliable  data,  bearing:  on  the  digestibility  and  feeding  value 
of  pea  straw  for  fattening  steers  and  stressing  direct  com- 
parisons with  alfalfa  hay  and  com  silage. 

In  ealenlating  the  rations,  when  planning  this  experiment, 
it  became  apparent  that  the  digestibility  of  Pea  Straw  had  not 
heretofore  been  determined  directly.  For  this  reason  a  diges- 
tion trial  with  Pea  Straw  was  planned  to  accompany  the 
feeding  testg. 

Part  I  contains  a  discussion  and  definition  of  terms,  which 
seem  essential  to  a  clear  understanding  of  the  methods  em- 
ployed and  application  of  results  obtained,  in  these  trials. 
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PAMI  "^'^i-i'!  ■  ;:  I, 

DIGESTION  TRtALfl  '^>^, 

DiBOtuunon  of  Feeds 

Plants  and  animals  consist  of  chemical  elements.  These 
elements  do  not  exist  separately  bnt  aa  the  letters  of  the  alpha- 
bet are  combined  to  form  words  of  nnmerous  langnages,  ao 
the  elements  occor  in  combinations  forming  myriads  of  com- 
potmds.  For  convenience  these  compounds  are  divided  into 
five  classes,  namely  (1)  water,  (2)  erode  protein,  (3)  carbo- 
hydrates which  indnde  cmde  fiber  and  nitrogen  free  extract, 
C4)  fats  and  (5)  ash. 

These  classes  of  compounds  are  called  nntrients.  Any  feed 
constituents  which  liberate  eneiKy  in  the  animal  body  or  have 
influence  on  tissue  formation  or  in  any  way  aid  in  supporting 
life  of  animals  may  be  classed  as  nntrients.  They  are  car- 
riers of  energy.  The  green  plants  transform  the  radianf 
energy  of  the  snn  into  chemical  energy  of  their  constitnents — 
which  is  yielded  later  to  the  animal  oi^anism. 

Proteins  and  carbohydrates  have  almost  eqnal  energy  valnes. 
Pats  appear  to  be  more  concentrated,  tmpplying  abont  2V4 
times  as  mnch  energy  as  either  one  of  the  other  two. 

The  feed  supplies  specific  materials  reqnired  for  building 
.  and  repairing  all  the  complex  stmctnres  of  the  body.  It  also 
supplies  compounds  neceiRsary  to  the  harmonious  work  of 
these  structures.  The  proteins,  fats,  and  ash,  which  malte 
up  the  largest  share  of  the  animal  body,  have  come  originally 
from  the  feed  substances.  The  protein  of  feeds,  although  us«^ 
for  other  purposes,  contributes  largely  to  the  buildinjg  un 
of  muscles.  FatJi  and  carbohydrates  and  even  proteins  of 
feeds  may  finally  appear  as  fat  in  the  storage  tissues,  while 
the  ash  inn-edients  in  turn  may  he  deposited  in  bones  of  th*^ 
animal  body. 

A  comparison  of  barley,  corn  silage,  and  the  straws,  with 
meat  and  milk,  convinces  one  that  marked  changes  are  necen< 
sary  to  convert  one  group  into  the  other.  The  first  step  in 
such  a  change  in  thp  process  of  digestion.    All  food,  before  it 
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can  functioD  in  either  one  of  the  roles  already  suggested,  must 
vndei^o  tbis  process. 

Even  imder  tlie  most  favorable  conditions  all  feed  is  not 
digested.  The  degree  of  digestibility  varies.  Straws  are  les.i 
digestible  than  grains.  Straws  have  a  high  content  of  woody 
tissues  known  as  fiber.  At  present  no  enzvTnes  secreted  by 
the  animal  body  are  known  to  digest  it.  Such  fiber  may  in- 
close other  more  easily  digestible  nutrients,  thus  preventing 
their  digestion. 

The  crude  fiber  of  feeds  is  supposedly  broken  down  by  bac- 
teria in  the  animal  body.  The  work  of  the  bacteria  is  assisted 
by  proteins  in  the  feed*  Proteins  also  stimulate  secretion  oi 
digestive  fluids.  Because  of  these  two  factors,  as  well  as  others 
-which  will  not  be  discussed,  the  amount  of  protein  and  crude 
fiber  in  a  feed  is  used  as  an  index  of  its  digestibility.  The 
ratio  of  protein  to  the  sum  of  the  carbohydrates  and  two  and 
a  quarter  limes  the  fals  is  known  as  the  NntritiTe  Batio.  Fats 
are  multiplied  by  this  factor  because  of  their  higher  energy 
(content. 

Digestibility  of  feeds  is  generally  measured  by  the  amount 
of  the  nutrients  of  those  feeds  retained  by  auiraals.  If  6  lbs. 
of  protein  are  fed  and  2  lbs.  appear  in  the  fec'cs,  it  is  evident 
that  only  4  lbs.  were  retained.  The  digestibility  of  protein  in 
this  case  is  'S,  or  66%  per  cent.  Digestibility  is  expressed 
by  a  term  known  as  the  "Coefficient  of  Digestibility."  In- 
stead of  the  above  protein  being  66%  per  cent  digestible  it 
is  customary  to  say  that  it  coefficient  of  dfeestibility  is  <i(>%. 

It  is  evident  that  the  indigiestible  portion  of  a  feed  can  make 
no  contribntion  to  the  animal  body.  Two  feeds  which  are 
equally  digested  need  not  be  of  the  same  valne  to  the  animal, 
because  the  digested  matter  of  one  may  be  nsed  to  the  better 
advantage  by  the  body. 

In  comparing  new  feeds  with  other  feeds,  l^e  first  step  is 
to  determine  as  acctirately  as  possible  what  proportion  of  each 
ingredient  is  capable  of  digestion,  that  is,  it  becomes  necessary 
to  determine  the  coefficients  of  digestibility  of  the  various 
Dtitrients  in  those  feeds.       This  is  determined  by  trial  with 
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i'liiiiiHls.     Coefficients  for  pea  straw  havt?  not  lu-retofore  bccu 
deterniined  or  eke  n<it  published  by  other  Experiment  Slatiutis. 

Methods  Used  in  Digestion  Trials 

-V  digf.stion  trial  aims  to  measure  the  amoiuit  of  feed  fed  ami 
tLe  amount  of  undigested  feed  excreted.  The  nutrients  whicli 
disappear  in  the  pasKage  through  the  alimentary  frar-t  aro 
assumed  to  be  di|gested.  It  is  evident  that  to  ini:asure  the 
absorbed  substances  directly  is  beyond  present  day  technique. 

The  error  in  such  trials  lies  in  the  assumption  that  fe;'es 
consist  only  of  undigested  feed.  They  include  excretory  prod- 
uels  as  well.  In  herbivorous  animals  the  proportion  of  these 
1o  total  fei-es  is  small  and  they  are  diiregarded. 

A  digestion  trial  ninst  be  preceded  by  a  preliminary  period 
in  whii-h  the  feed  later  to  be  tested  is  fed  regularly  in  weighed 
quantities  as  in  the  experiment.  The  preliminary  p?riod  aims 
to  remove  previous  feeds  from  the  digestive  tract  and  to  es- 
tablish uniform  defecation.  In  ruminants  the  preliminary 
period  must  be  made  longer  than  for  other  elasse-;  of  animals, 
that  is,  at  least  of  one  to  two  weeks  duration.  The  experiment 
proper  usnally  extends  over  a  period  of  10  days. 

iHsctusion  of  the  Digestion  Trials 

A  grade  Shorthorn  and  a  ^ade  Hereford  .steer  both  over 
two  years  of  age.  weigbinir  fi82  and  910  lbs.  at  the  time  of 
pnrchase  were  gradually  put  on  an  exclusive  pea  straw  ration. 
The  amount  of  pea  straw  eonsumed  daily,  fluctuated  at  first 
but  soon  reached  IfiVi;  lbs.  per  day.  The  steers  were  confined 
in  stanchion  stalls,  the  stanchions  being  connected  to  walls  of 
stalls  by  canvass.  Thii  arrangement  prevented  waste  of  feed 
and  facilitated  an  accurate  measure  of  feed  consumed  and  re- 
fused. The  stanchions  prevented  the  steers  from  eating  their 
bedding,  which  consisted  of  wheat  straw. 

The  steers  were  fed  and  watered  regularly  three  times  a 
day,  a\->  lbs.  of  pea  straw  being  given  them  at  each  feed.  The 
refused  feed  was  air  dried  before  weighing.  All  refused  pea 
straw  was  sampled  for  chemical  analysis.     With  each  noon 


D.n.iized  by  Google 


feed  the  steers  were  given  2^  oz.  of  salt  per  head.  They  were 
exercised  daily. 

Qood  sound  pea  straw,  from  the  same  shipmeat  as  was  used 
in  the  feeding  test,  was  passed  through  a  silage  cutter,  enough 
being  so  treated  to  supply  uniform  feed  for  the  digestion  trial 
inclusive  of  the  preliminary  period. 

It  is  customary  in  digestion  experiments  to  cut  all  coarse 
feed.  This  insures  eaay  handling,  gives  a  more  accurate  {.'heck 
on  refused  feed,  and  makes  sampling  very  easy. 

Fluctuations  in  humidity  from  day  to  day  affect  the  moisture 
content  of  a  feed  like  pea  straw.  This  would  seem  to  neces- 
sitate daily  sampling  of  the  feed.  To  avoid  this  the  pea  straw 
to  be  fed  during  the  ten  day  experimental  period  was  weighed 
out  at  one  time  and  put  into  sealed  paper  sacks.  Each  sack 
then  represented  the  same  amount  of  dry  matter  irrespective 
of  a  fluctuating  humidity  during  the  ten  day  period.  The  pea 
straw  was  carefully  sampled  for  chemical  analysis  as  the  sacks 
were  filled. 

The  preliminary  period,  32  days,  was  more  than  sufficient 
to  remove  any  previous  feeds  from  the  alimentary  tract.  The 
animals  were  wU  accustomed  to  tbeir  feed  when  the  trial 
proper  began.  They  neither  lost  nor  gained  in  weight  during 
the  ten  day  test.  The  feces  were  collected  quantitatively. 
They  were  weighed  every'  24  hours  and  after  a  thorough  mix- 
ing were  carefully  sampled  for  chemical  analysis.  Large  air 
tight  cans  prevented  evaporation  of  moisture  from  feces  be- 
tween sampling  periods. 

All  the  chemical  analyses  of  the  feed  and  the  feces  were 
made  by  the  junior  author  according  to  the  methods  proposed 
in  Bulletin  107  of  the  Bureau  of  Chemistry,  entitled  "Official 
and  Provisional  Methods  of  Analysis." 

During  the  preliminary  feeding  period  the  steers  were 
weighed  every  10  days.  At  the  beginning  of  the  digestion 
trial  proper  daily  weights  of  the  steers  were  recorded. 

Tables  I,  II  and  III  are  summaries  of  the  numerous  analyses 
made  of  feeds  and  feces  collected  during  the  ten  day  digestion 
trials  with  two  steers. 
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TABLE  1 
Sntmnarr  ot  Ten-Day  Digestion  Trial 

STBBR  I 


j 

■1 

If 

Crude  Fibre. 
Grams.. 

Crude  Fat. 
Orams 

■ 

1 

> 

1 

1 

It 

"s 

1 

Pea 

5traw 
Fed 

75,000.0 

67.657,5 

4.537.5 

1,177.5 

24,930.0 

33.022.5 

3.990.0 

63,667.6 

Straw 
Refused 

.«., 

57S.6 

42.2 

S.7 

182.5 

262.9 

92.3 

486.3 

Pea 

Straw 

Consumed 

74,352.3 

67.078.9 

4.495.3 

1.168.8 

24,747.6 

32,769,6 

3.897.7 

63,171.2 

Feces 

173.389.0 

26,805.0 

1,960.4 

672.3 

10,717.9 

10,600.9 

2,851,2 

23.953.2 

Total 
Digested 

40,273.9 

2.534.9 

596.5 

14,029.6 

22.168.7 

1,046.5 

39.228.0 

age   Di- 
gestibil- 
ity 

60.0 

66.4 

51.0 

56.7 

67.7 

26.9 

62.1 

Table  I  showa  the  coefficient  of  digestibility  of  crude  pro- 
tein in  pea  atraw  for  Steer  I  to  be  56,4.  Out  of  every  100  lbs, 
of  protein  in  pea  straw  fed,  56.4  lbs.  were  digeated. 
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TABLE  n 
of  Ten-Day  Disestlcid  Trial 

STBBR  II 


i 
1 

i 

j 

Crude  Protein, 
Grams 

Dry  Matter. 
Grame 

N.  F.  Ert.. 
Grama 

Crude  Fibre, 
Grams 

Crude  Fat, 
Grams 

Organic  Matter, 
Grams 

Ash. 

Grams 

straw 

Fed 

75,000.0 

67,667.5 

4,637.5 

1.177.5 

24.930.0 

33,022.5 

3,990.0 

63,667.3 

Pea 

Straw 

Relused 

2g8.7 

213.2 

16.2 

3.6 

88.8 

91.3 

13.3 

199.9 

Pea 

Straw 

Consumed 

74.711.3 

67,114.3 

4,521.3 

1,173.9 

24,841.2 

32,931.2 

3.976.7 

63.467.6 

Feces 

169.953.0 

27.956.0 

1.788.6 

640.2 

11,222.7 

10.966.1 

3,134.7 

24.820.3 

Total 
DigeHtsd 

39,489,3 

2.732.7 

524.7 

13,618.6 

21,965.1 

842.0 

38.647.3 

Percent- 
age Dl- 
Kestlbil- 
ity 

58.6 

80.4 

44.7 

54.8 

66.7 

21.7 

60.9 

Bf  compariog  the  last  lines  of  Tables  I  aod  II  the  difference 
ID  digestibility  of  the  same  feed  when  fed  to  two  different 
steers  is  brought  out.  In  no  single  instance,  however,  are 
there  verjr  marked  variations.  The  differences  which  do  exist 
are  suggestive  of  the  desirability  of  conducting  digestion  t  rials 
with  a  large  number  of  animals. 

TABLB  m 
CoefHclentH  of  Digestibility  of  Pea  Straw 

I   2*3      -oe       -^3      -^3    .     L    '     »       sw 


1  . 

.     «0.0 

B6.4 

51.0 

56.7 

67.7 

26.9 

62.1 

[T 

.     58.4 

60.< 

41.7 

54.8 

66.7 

21.2 

60.9 

Av. 

two 

trials    . 

.     59.3 

6SX- 

47.8 

55.8 

.7.2 

-24.i 

6i.S 

D.n.iized  by  Google 


The  coefficient  of  digestibility  for  protein  of  alfalfa  hay  as 
reported  by  Henry  and  Morrison  is  71.  The  digestibility  of 
crude  protein  in  pea  straw  in  thas  seen  to  be  less  than  of  crude 
protein  in  alfalfa  hay,  the  average  coefficient  in  this  case  bein^ 
58.4. 

Pounds  of  Nntrlents  p»  100  Pounds  Feed 


o 

a 

>■ 

O 

1 

; 

r 

^ 

P 

i 

5" 

Pea   Straw 

Av.    20 

»7fl 

90.21 

1.57 

33.24 

44.03 

5.32 

84.89 

Aaalyses 

Digestible  Nntrients   per   100   Pounds  Pm  Straw 


O 

->- 

V 

f 

r 

f 

'is. 

Pea   Straw 

3.53 

6 

1..5S 

29.59 

1.23 

52.2 

14.1 

*Not  mucb  afgnllicance  la  attaclied  to  dtgestible  ash  becaase  a 
high  percentage  ol  ash  Is  excreted  through  the  large  Intestine  and 
It  masks  digestibility. 

It  is  of  interest  to  note  that  the  two  steers  used  in  ths  diges- 
tion trial  were  fed  161^  lbs.  of  pea  straw  per  head  daily  for 
60  days.  During  this  time  one  steer  lost  6  lbs.,  and  the  other 
9  lbs.  Since  the  body  weight  of  steers  fluctuates  more  than 
this  every  day,  it  is  safe  to  conclude  that  the  steers  practiealty 
maintained  their  weight. 


D.n.iized  by  Google 


Fig  l.~Steer  I.  Photograph  takea  alter  completion  of  dIgeBtlon 
trial. 

SnmmaiT  ot  digestion  trial  with  steer  j  Is  reported  In  Table  I. 


Fig.  2. — Steer  II.  Photograph  taken  after  completion  of  dlgus- 
tton  trial.  Sutnmarr  of  digestion  trial  with  steer  II  is  reported  la 
Tahle  II. 
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THE  FEEDING  TEST 
Geseral  Plan  of  Fe&dinjf  Teat 

A  compamon  of  feeds  when  fed  at  the  point  of  their  great- 
est efficiency  is  more  accurate  than  a  comparison  of  siiniliar 
feeds  fed  in  unbalanced  rations.  It  is  readily  apparent  that 
the  steers  receiving  alfalfa  hay  would  have  consumed  a  larger 
quantity  than  was  given  them,  but  such  a  ration  would  not 
Lave  been  balanced  sufficiently  to  permit  as  accurate  com- 
parison with  other  lots,  where  balanced  rations  were  fed.  The 
grain  ration  was  kept  constant  in  order  to  eliminate  as  many 
varying  factors  in  the  experiment  as  possible,  and  so  as  to 
bring  out  comparisons  of  roughages.  Further  in  order  to  per- 
mit fairly  accurate  comparisons  of  the  roughages,  it  w%^ 
planned  to  feed  all  lots  so  that  each  lot  would  receive  an 
equivalent  amount  of  digestible  nutrients.  Since  pea  straw 
IE  the  feed  being  investigated,  the  pea  straw  lot  was  used  as 
the  base  lot. 

Lots; — The  rations  to  be  fed  the  various  lots  were  planned 
as  follows: 

Lot  I — Grain  16  lbs.;  Pea  Straw^all  the  steers  would  con- 
sume without  waste  (Preliminary  trials  showed  the  maximum 
quantity  to  be  about  20  lbs.  per  head.) 

Lot  II — Grain  16  lbs.;  Alfalfa  hay  fed  in  limited  quantity 
to  supply  approximately  the  same  quantity  of  digestible  nutri- 
ents as  any  of  the  other  rations  (13  lbs.) 

Lot  III — Grain  16  lbs. ;  Pea  straw  fed  at  the  rate  of  one-half 
the  quantity  received  by  Lot  I  (10  lbs.)  and  alfalfa  hay  at 
the  rate  of  one-half  the  quantity  fed  Lot  II  (6^^  lbs.) 

Lot  IV— Grain  16  lbs.;  Pea  Straw  at  the  rate  of  one-half  the 
quantity  fed  Lot  1  (10  lbs.)  and  all  the  com  silage  the  steern 
would  eat  without  undue  waste  (about  21  lbs.) 

The  first  two  lots  afford  a  direct  comparison  of  pea  straw 
and  alfalfa  hay.  Lots  I  and  IV  brin^  out  the  relation  of  pea 
straw  to  silage.  Lots  I  and  III  give  a  check  upon  the  compar- 
isons obtained  from  Lots  I  and  II.  Lots  III  and  IV  give  com- 
parUons  of  alfalfa  and  silage.     The  various  lots  also  afford 
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inUTOstiiig  .suggest iutis   as   to   the   methods   of   utilizing   pea 
straw. 

Cattle  Used  in  the  Test 

The  steers  used  in  this  test  were  pureliased  November  8, 
1919,  at  the  Union  Stock  Yards  of  Spokane,  Washington,  and 
fed  at  Ihe  Experiment  Station,  Pullman,  Washington. 

They  were  high  grade  Shorthorn  steers.  As  feeder  cattle 
they  graded  from  good  to  choice,  and  were  fairly  uniform  in 
size  and  quality.  The  variations  in  weight  between  lightest 
and  heaviest  individual  did  not  exceed  two  hundred  pounds. 
(See  illustrations  Figs.  Ill,  IV,  V  and  VI).  The  steers  were 
calved  in  the  spring  of  1917  and  were  selected  out  of  a  herd 
of  three  hundred  steers,  running  on  a  mountain  range,  in 
Kittitas  County.  They  were  the  third  prize  carload  of  two- 
year  feeder  steers  at  the  Western  Royal  Livestock  Show. 

At  the  time  of  purchase  the  average  weight  was  1.002.1  Ihs. 
Their  cost  was  $10.00  per  100  pounds. 

Quarters 

The  at«ers  were  fed  in  a  shed  situated  at  the  top  of  a  gentle 
slope  with  a  southern  exposure.  Bach  lot  was  twenty-five 
feet  wide  and  fifty-four  feet  deep,  including  feed  rack  space. 
The  upper  fifth  of  each  lot  was  under  cover,  enclosed  on  three 
sides  hut  open  on  the  south  side. 
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'     Fig.  4. — Illustrating  type  of  cattle  receiving  altalfa  ha;  as  sole 
roughage.     (Lot  II.) 
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The  sheA  space  amouoted  to  about  1200  square  feet.  The 
floor  of  the  shed  and  all  of  the  lots  were  unpaved.  The  lots 
became  very  muddy  during  the  late  fall  aud  early  winter  and 
remained  in  bad  condition  except  during  most  of  the  months 
of  December  and  January  when  the  ground  was  frozen. 

The  feed  racks  were  under  cover,  but  the  water  trough!i 
were  not. 

Feeds  Used 

The  pea  straw  was  of  very  good  quality.  It  contained  very 
few  coarse  stems  and  wag  free  of  other  plants.  It  came  from 
a  variety  known  as  the  Alaska  Pea.  The  straw  contained  a 
few  light  and  immature  peas,  which  were  blown  out  with  the 
straw  during  threshing. 

The  alfalfa  used  during  the  first  and  last  thirty  day  periods 
was  of  good  quality ;  however,  it  was  somewhat  atemmy  dur- 
ing the  second  period. 

The  silage  was  made  from  core  produced  on  the  College 
Farm.  The  yield  of  green  feed  per  acre  was  approximately 
six  tona. 

Chemical  analyses  of  all  feeds  used  were  made  and  the  re- 
sults of  the  average  of  all  analyses  are  given  in  Table  IV.  The 
samples  of  the  feeds  were  taken  each  week  except  in  the  case 
of  corn  silage,  which  feed  was  sampled  daily. 

TABLE  IV 
CbfeinlciU  Analyses  o(  Feeds 


Percent 
N.  P.  Eit.. 

Percent 
Crude 
Fiber.  .  . 

Percent 

Protein 



Percent 
Moisture . . , 

Percent 

Ash 

Percent 

Ether  Ext.. 

Ground   Barley    

11.08 
9.60 
9.79 

7i.eo 

10.79. 

fi.S2 

40.73 
6.06 
1.99 

11.67 

6.U 

14.14 
33.34 

G.94 
40,00 

68.71 
24.60 
44.03 
17.57 
30.21 

1.84       2.67 

Silage 

Alfalfa    Hay    

.91       1.93 
1.16       6.00 

Table  V  was  compiled  by  using  the  figures  in  Table  IV  and 
the  coefficients  of  digestion  as  given  in  "Feeds  and  Feeding" 
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!)>■  Henry  and  Morrisou,  for  all  feeds  except  pea  straw.  The 
factors  derived  in  connection  with  this  feeding  test  were  used 
with  ihe  last  named  feed. 

TABLE  V 

UlfteNtlble  Nutrients  In  Peedtt 


Ground  Barley 
C.  Seed  Meal  .  . 
Pea   Strsw    .... 

Silage    

Alfalfa  Hay    .  . . 


8S.91 

7.27 

70.05 

Sfi 

90.40 

34.21 

63.37 

.8 

90.21 

28.40 

1.00 

18,13 

17.1 

S0.03 

8.29 

47.68 

4.7 

The  averaf^e  daily  ration  per  steer  in  the  four  Lots  for  the 
entire  experimental  period  may  be  found  in  Table  VI. 

Table  VI  shows  the  quantity  of  protein,  total  digestible  nu- 
trients and  natritive  ratio  in  the  average  rations  of  each  lot. 
The  requirements  for  a  1020  pound  steer  (average  weight  of 
steers  for  experimental  period)  as  expressed  in  the  latter  part 
of  this  table,  show  the  rations  to  be  fairly  well  balanced.  The 
ration  of  Lot  IV  contains  the  largest  amount  of  protein  but 
the  smallest  amount  of  digestible  nutrients. 

The  average  daily  gains  of  the  steers  receiving  the  different 
rations  for  95  days  varied  from  2.53  lbs.  to  2,70  lbs.,  the  higher 
Figure  representing  gains  made  by  the  steers  in  Lot  IT. 
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TABLE  VI 
Average  RstliHifi  Fed  Eftch  Lot  Dorintc  FeedlUK  Test 


i 

D 

1 
1 

D 

if 

Z 

: 

liOt  I 

•Grain   Mix 

Pea   Straw    

ie.06 

18.96 

13.42 
8,08 

1,60 
,67 

10.42 
10.15 

Total     

34.02 

21.50 

2,27 

20,57 

8.0 

Lot  n 

-Grain   Mix 

Alfalfa   Hay    

1E.07 
14.74 

13.42 

1.60 
1.22 

10,42 
7.03 

Total      

29.81 

26.54 

2.82 

17.45 

5.2 

ix>t  ni 

•Grain   Mix 

Pea   Straw    

Allalla   Hay    

15.07 
9.90 
7.34 

13.42 
8.93 
6.54 

1.60 
.34 
.61 

10.42 
5.28 

3.20 

Total     

32.31 

28.89 

2-55 

18.90 

6.6 

Lot  IV 

•Grain    Mix 

Pea    Straw    

Corn    Silage    

15.18 
8.67 
20.88 

13.42 

7.82 
5.93 

1.60 

.30 
.21 

10.42 
4.63 
3.79 

Total      

44.73 

27.17 

2.11 

18,84 

^.9 

Mo 

ilfled  Wol 

rt-Lehmani 

Sbuidard 

For  1020  lb.  Steer 



22.1-25.0] 

2.04-2.35 

18.36 

7.07 

Records  and  Wei^fhts 

All  steers  were  given  individual  numbers  and  eadi  steer 
was  weighed  Beparately.  The  initial  and  final  weights  uf  the 
experimental  period  were  the  averages  of  three  eonsec^utive 
daily  weights.  The  middle  date  of  each  succession  was  the 
basal  date  for  the  beginning  and  the  end  of  the  experiment. 

Individual  weights  of  steers  at  thirty  day  intervals  were  als.> 
recorded.  All  weighings  were  made  nnder  the  same  conditions 
in  respect  to  previous  feeding  and  watering 
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All  steers  were  weighed  before  reeeiviog  the  momiiig  feed, 
Knd-  did  not  have  access  to  water  from  6  p.  ra.  on  the  day  pre- 
ceding the  weighing,  until  after  weighing. 

The  feeds  were  weighed  before  each  feeding. 

Accurate  and  detailed  records  were  made  daily  of  all  weights, 
of  feed  fed  and  feed  refused. 
Tigs  in  Feed  Lots 

A  pig  weighing  between  90  and  100  pounds  was  placed  in 
each  lot  of  six  steers.     All  four  pigs,  for  the  entire  feeding 
period,  gained  only  16  ponnd.i.     For  this  reason  returns  from 
pigs  will  not  be  considered  in  the  following  pa^es. 
HethodB  of  Feedins 

The  cattle  were  fed  regularly  at  7  a.  m.  and  5  p.  m. 

The  steers  were  started  on  four  pounds  of  a  7  to  1  mixture 
of  steam  rolled  barley  and  cotton  seed  meal.  The  grain  mix- 
lure  was  increased  one  pound  daily  until  the  amount  reached 
ten  pounds  per  head.  From  then  on,  a  pound  of  mixture  per 
head  was  added  every  third  day  till  the  desired  amount  was 
reached  (16  lbs.  per  head  daily).  The  amount  of  roughage 
consumed  was  fairly  large  at  first.  It  decreased  gradually  as 
the  grain  ration  was  increased. 

The  steers  were  gotten  on  a  full  feed  of  grain  without  a 
single  case  of  scouring.  They  remained  in  excellent  health 
throughout  the  feeding  test,  as  indicated  by  their  glossy  coats 
and  good  appetites. 

The  grain  was  fed  first.  After  it  had  been  cleaned  up  the 
roughages  were  fed.  The  grain  was  always  thoroughly  cleaned 
lip,  hence  the  feed  refused  consisted  of  roughage.  When  two 
roughages  were  fed  the  same  lot,  the  refuse  was  credited  to 
the  two  roughages  in  the  same  proportions  in  which  they  were 
fed. 

The  steers  had  free  access  to  salt  and  water  at  all  times. 
except  twelve  hours  before  every  weighing. 
The  Meanire  of  Effldency 

The  efficiency  of  a  feed  for  fattening  steers  from  the  prac- 
tical point  of  view  is  measured  hy  the  quantity  of  the  feed 
needed  per  unit  of  gain,  hy  the  degree  of  finish  it  will  pro- 
duce, and  by  the  cost  of  the  feed.     One  feed,  although  lower 
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prL-et)  per  pound  lliaii  another,  may  be  so  much  Ickh  effieient 
io  proiliu'iiig  gains  and  finish  that  it  may  prove  an  expenBiva 
one  to  use. 

Tlie  degree  of  finish  in  all  four  lots  was  very  uniform  at  the 
time  the  experiment  eluseil,  so  that  the  difference  in  the  (rom- 
pari-;oii  of  the  feed  consumed  to  produce  100  pounds  of  gain 
in  this  partii-ular  experiment  would  represent  the  relative  value 
of  various  roughages.  A  summary  of  results  of  the  feeding 
test  is  presented  w  Table  VII, 

TABLK  vn 
Summary  ot  Wci'jht  OHins  and  Feert  ConsHmtxl,   Average   ]wr  Hviid 


\\l,  ill  Feed  Lot   iPullmHii)' 

■      ■ 

Nov.   25.   1919    (inclualve)    .. 

950.5   . 

•J30.7    1 

956. S 

Wt.  In  Feed  Lot.                             ' 

1 

Feb.   27.   1920    (inclusive)..  .[ 

,190.7    ' 

,196.3  { 

,202-3 

.213.7 

Total  Gain  in  Feed  Lot,  9.>  dayal 

240.2    1 

Daily  Gain  in  Feed  Lot   | 

2.5:!i 

2,S9 

2,56l 

2.70 

DAILY  RATION:                       ; 

i  Total 1 

1S.07 

15.071 

15.07' 

15.07 

•Grain   -   Barley [ 

13.19i 

13.19 

1.88 

1.SSI 

I.SSj 

l.«S 

Pea  Straw 

Alfalfa 

Corn   Silage    

Feed  per"]  00  lbs,  body 


Grain 


I  ! 

[  I 

iBarley '     (IS. 41      (16.071  (16.221 

■~     "     "                                                             2.91'  2.941 

Pea    Straw    '          5.64!       .  .  .  .    '  2.901 

Alfalfa i      j          7.98]  4.0i; 

Com   Silage    j      i      


Total 


(25.03]     (21 


(26,071     24,44 


•Barley,  steam  rolled,  (63  per  T.;  Pea  Straw.  (T'^)  per  T..  balei 
Alfalfa,  (28  per  T.,  baled;  Corn  Silage,  (10  per  T.;  Cottonseed  Mei 
180  per  T. 
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It  will  be  iiotiiL'ii  iu  Tublu  VII  that  Lot  IV,  re<:eiving  pea 
Sitraw  and  com  silage  as  roughages  required  only  557.80 
pounds  of  grain  mixture  per  100  pounds  gaiu,  which  is  some- 
what less  than  that  required  by  the  other  three  lots. 

Lot  I,  fed  pea  straw  as  the  sole  roughage,  required  595.75 
pounds  of  grain  for  the  same  amount  of  gain.  A  partial 
substitution  of  corn  silage  for  pea  straw  reduced  the  grain  re- 
quirement per  100  pounds  of  gaiu  by  37.95  pounds  or  6  per 
cent,  whieh  is  not  s  wide  variation,  and  is  Vithin  the  range  of 
experimental  error.  Considering  the  roughages  separate  from 
tlje  grain,  it  took  769.56  pounds  of  corn  silage,  326.19  pounds 
of  pea  straw  to  replace  773.11  pounds  of  pea  .'straw  iu  the 
production  of  100  pounds  of  gain.  By  subtracting,  or  elimi- 
nating the  pea  straw,  769.56  pounds  of  corn  silage,  fed  with 
the  above  grain  ration,  had  the  replacing  value  of  346.92 
pounds  of  pea  straw.  This  reduced  still  further,  shows  1 
pound  of  pea  straw  to  have  the  replacing  value  of  2.2  poundu 
of  corn  silage.  The  total  cost  of  100  pounds  gain,  however, 
with  the  prevailing  prices,  was  less  for  Lot  IV,  the  silage  lot, 
than  for  Lot  I,  the  pea  straw  lot. 

Lots  I  and  II  aford  an  interesting  comparison.  The  average 
initial  weight  of  the  steers  in  these  two  lots  wns  950.50  pounds 
and  950.70  pounds,  respeclively.  The  average  weights  at  the 
contlusion  of  the  experiment  were  1190.70  pounds  and  1196.30 
pounds  respectively.  Hence,  the  rate  of  gain  was  practically 
the  .same.  Lot  I  receiving  pea  straw  as  the  sole  roughage, 
required  595.75  pounds  of  grain  per  100  pounds  body  gain. 
Lot  II,  reieiving  alfalfa  hay  alone,  required  583.05  pounds  for 
the  same  gain.  The  difference  in  the  quantify  of  grain  re- 
quired to  produce  a  unit  of  gain  was  only  two  per  cent.  So 
it  may  be  said  that  the  grain  requirement,  to  produce  30O 
pounds  of  (gain  in  the  two  lots  was  practically  identical.  It 
follows  that  the  total  roughages  fed  the  two  lots  must  have 
been  equivalent  in  their  ability  to  produce  body  gain.  By 
comparing  the  roughages  separately  from  the  grain,  it  is  seen 
that  570.44  pound.'!  of  alfalfa  was  replaced  by  773.11  pounds 
of  pea  straw,  or  that  1  pound  of  alfalfa  was  replaced  by  1,36 
pounds  of  pea  straw  in  these  specific  rations.     Prom  these 
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figures  pea  straw  is  worth  75%  as  much  as  alfalfa  in  feeding 
value.  If  alfalfa  hay  is  valued  at  $28  a  ton,  pea  straw  from 
this  relation  would  be  valued  at  $20.75  a  ton.  The  prevailing 
prices  of  feed,  however,  made  the  cost  of  100  poonds  gain  in 
a  lot  receiving  alfalfa,  approximately  $2  higher  than  the  lot 
which  was  fed  pea  straw.  It  should  be  noted  here,  however, 
that  the  lot  of  steers  fed  alfalfa  hay  sold  for  twenty-five  cents 
more  per  100  pounds,  than  those  fed  on  pea  straw. 

Since  Lot  III  was  fed  pea  straw  and  alfalfa  as  a  roughage, 
and  Lot  II  alfalfa  hay  alone,  those  two  lots  afford  a  further 
comparison  of  the  roujghages  under  consideration.  Lots  II 
and  m  required  583.05  pounds  and  588.81  pounds  of  grain 
mixture  per  100  pounds  of  gain,  respectively.  The  grain  ex- 
penditures per  unit  goin  are  so  close  that  the  effects  of  rough- 
ages in  the  two  lota  upon  gain  may  be  assumed  identical.  This 
suggests  that  570.44  pounds  of  alfalfa  may  be  replaced  by 
336.92  pounds  of  pea  straw  plus  287.01  pounds  of  alfalfa,  or 
that  283.40  pounds  of  alfalfa  hay  may  be  replaced  by  386.90 
pounds  of  pea  straw.  This  is  approximately  the  same  rela- 
tionship as -obtained  above  from  a  comparison  of  Tjots  I  and 
IT;  that  is,  one  poand  of  alfalfa  hay  fed  in  this  way  was 
equivalent  to  1,3  pounds  of  pea  straw. 

HASKETINO 
Shrink 

At  the  end  of  the  experiment,  the  morning  of  February  29, 
the  steers  were  fed  as  usual,  excepting  those  in  Lot  IV,  which 
were  not  given  any  silage.  During  the  afternoon  of  the  same 
day  the  cattle  were  driven  to  the  local  stock  yards,  a  distance 
of  about  one  and  a  half  miles,  and  were  loaded  at  seven  o'clock 
that  evening.  They  were  unloaded  and  weighed  at  the  Union 
Slock  Yards,  Spokane,  Washington,  at  eight  o'clock  the  next 
morning.  It  was  not  feasible  to  get  lot  weights  on  the  cattle 
at  this  time.  However,  the  loss  in  weight  during  shipping, 
based  on  average  of  all  steers,  will  be  of  interest  to  cattle 
feeders. 
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TABLE   Tin 
ATM-age  of  Weight.  Shrink  and  Fill,  for  Twenty-fonr  Steers 

Founds 

Weight  at  Feed  Lot,  February  29 1,200.7 

Weight  off  Care  at  Spokane,  March  1   1,129.2 

Shrink — Pullman   to  Spokane    71.6 

Weight  at  Time  of  Sale 1,203.7 

Weight  of  Fill  In  Stock  Yards,  Two  Days 74.5 

The  second  line  gives  the  average  weight  based  on  all  24 
steers  at  the  time  they  were  unloaded  at  the  Union  Stock 
Tarda,  Spokane,  Washington.  The  third  line  represents  the 
difference  between  the  final  weight  of  the  cattle  at  the  Ex- 
perimental Feeding  Shed  and  the  average  weight  at  the  Stock 
Yards.     (See  Table  VH). 

Table  IX  gives  a  financial  statement  of  the  experiment  from 
the  time  the  cattle  were  purchased  nntil  they  were  sold.  At- 
tention is  called  to  the  fact  that  cost  of  marketing  is  high 
because  the  cattle  were  kept  on  exhibition  daring  the  North- 
west Live  Stock  Conference.  Further,  no  credit  is  givn  for 
the  100  tons  of  manure  produced  as  a  by-product  of  this  feed- 


Per  Head  Average 

f 

1? 
1^ 

li 

l>"' 

&* 

Cost  at  Stock  Yards  &  rio  cwt. 

Other  Expenses  up  to  begin- 
ning of  Exp.,  Mom,  Nov,  25 

•Cost  of  Feed  During  Experi- 
ment   

|lU2.i!2 

5.S6 

60,. $3 
6,33 

*ioa.:i2 

6.17 

66.26 
6.33 

6.06 

63.46 
6.33 

1102.22 

6.1  e 

62.84 
6  33 

$175.04 
154.27 

(180.98 
161.21 

$178,06 
1E9.03 

120.77 

(19.77 

119.03 

'Barley,  steam  rolled,  (63  per  ton;  Pea  Straw,  (16  per  ton, 
baled;  Alfalfa.  (28  per  ton,  baled;  Com  Silage,  (10  per  ton; 
C.  S,  M.,  (80  per  ton, 

fThe  cattle  were  on  exhibit  at  the  yards  (rom  8:00  a.  m.,  March 
1,  to  10:00  a.  m,,  March  3,  at  which  time  they  were  weighed  up 
and  sold. 

{Lots  I,  III  and  IV  sold  for  $13.00  per  cwt.,  while  Lot  II  sold 
for  I1S.2S.  I    I 
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ing  operation,  which  is  of  value.  And  again  the  price  paid 
for  hay  and  pea  straw  includes  the  cost  of  baling  and  delivery 
to  the  Experiment  Station  Farm,  which  charge  would  have 
1,'een  reduced  by  $5  to  $8  per  ton  if  the  feeds  had  been  fed 
from  the  stack  on  the  farm  where  they  were  produced. 

Dressiiig  Percentage 

Each  of  the  four  lota  of  steers  was  purchased  by  a  different 
pacl^er.  All  the  dressing  percentages  were  based  upon  cold 
weight  of  carcasses.  Where  the  cold  weight  was  not  actually 
obtained,  3  per  cent*  of  the  warm  weight  was  deducted  to 
obtain  the  cold  weight. 

Lot  I,  the  pea  straw  lot,  dressed  58.16%,  the  highest  of  all 
four  lots.  The  otlier  three  lota  showed  very  little  difference, 
dressing  about  57.50  per  cent.  This  difference  may  be  partly 
explained  by  the  difference  in  fill.  It  was  quite  apparent  from 
the  appearnce  of  the  cattle  on  foot  that  the  lota  not  accustomed 
to  alfalfa  bay  did  not  fill  as  much  as  those  which  had  been 
receiving  it  during  the  experiment. 

TABLE  X 

Drawing  Percentaee 


1         Lot  I       i       Lot  II       1     Lot  III              Lot  IV 

Kind  or  Feed 

\       „    ,         i       Grain 
Grain        ,        Ora'n        !      Alfalfa 
Pea  Straw           Alfalfa      I        Hay 

Hay          1    Pea  Straw 

Grain 
Pea  Straw 
Com  Silage 

Purchased  by 

J.  Lewie  Co. 
Packers 

Armour  Co 

Carsten           ,  A.  L.  Brown 
Packing  Co.  | 

per  Lot 

7,120 

7,300 

7.340 

7,160 

Head,    Iba. 

1,188.7 

1,211.7 

1,223.3 

1.193.3 

Warm 
Weight 

4,269 

4.318* 

4.371 

4,239 

%  Shrink  on 
Cooling 

3 

2% 

3 

3 

Cold  -Wt.. 

llM. 

.,!.. 

4.210 

4,240 

4.112 

Dressing   % 
Based   on 
Cold   Wt. 

es.K 

67.68 

B7.70 

G7.43 

■Calculated  from  %  supplied  by  Armour  £  Co. 
23 
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SUMMASY 

(1)  The  protein  of  pea  straw  is  aSA  p«r  cent  digestible, 
while  the  organic  matter  is  61.5  per  cent  digestible. 

(2)  Pea  straw  contains  3.53  pounds  of  digestible  protein 
per  100  pounds  and  53.36  pounds  total  digestible  nutrients. 

(3)  Pea  straw  in  this  particular  trial  successfully  replaced 
alfalfa  in  rations  of  fatteninig  steers. 

(4)  One  and  one-third  pounds  of  good  pea  straw  was 
equivalent  to  one  pound  of  alfalfa  hay  for  fattening  cattle. 

(5)  When  pea  straw  and  silage  were  fed,  one  pound  of 
pea  straw  had  the  feeding  value  of  two  and  one-half  pounds  of 
corn  silage. 
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Pnllman,   Washington, 
November  1,  1920. 
Honorable  Louis  F.  Hart,  Qoxemor, 

Olympia,  Wash. 
Sir:— 

PnrBusnt  to  the  act  of  Cougress,  March  2,  1887,  relating  to 
the  establishment  of  agricultural  experiment  stations,  1  have 
the  honor  to  transmit  herewith  a  report  of  the  activities  of  the 
Washington  ^Afgrieultural  Experiment  Station  from  July  1, 
1919,  to  June  30,  1920. 

Suggestions  as  to  some  of  the  needs  of  the  Experiment  Sta- 
tion and  a  financial  statement  also  are  included. 
Very  re^ectfully, 

EDWARD  C.  JOHNSON, 

Director. 
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DZREOTOR'S  STATEMENT 

Introdncrtion 

In  the  year's  activities  of  the  Experiment  Station,  marked 
progress  has  been  made  and  mncb  valuable  information  ac- 
cumulated. While  in  some  instances,  it  was  necessary  tempor- 
arily to  discontinue  work  on  certain  projects  because  of  lack 
of  funds,  greater  concentration  was  made  upon  others  and  re- 
sulta  valuable  to  the  agriculture  of  the  state  achieved. 

The  feeding  and  nutrition  trials  with  home-grown  feed^ 
&ho\ild  prove  of  real  value  to  every  farm  where  live  stock  is 
handled  and  feeds  grown,  and  the  results  already  secured  in 
a  study  of  calf  rations  and  in  the  experimental  work  on  th<3 
effect  of  exercise  upon  the  breeding  ability  of  dairy  bulls 
should  be  of  help  to  every  dairyman. 

The  continuation  of  the  work  that  has  been  under  way  for 
a  number  of  years  in  the  Divisions  of  Crops  and  Soils  in  the 
production  of  smut  resistant  varieties  of  wheat,  in  investigat- 
ing methods  of  maintaining  the  humus  and  nitrogen  supply 
of  the  soil,  and  in  the  effect  of  tillage  upon  moisture  and  nitro- 
gen content,  will  be  of  value  to  every  farm  where  these  crops 
are  grown  and  where  attention  to  soil  fertility  and  soil  moist- 
ure is  needed. 

The  work  done  by  the  Division  of  Horticulture,  especially 
in  its  cover  crop  and  soil  management  investigations,  is  of  in- 
terest to  every  orchardist  of  the  state. 

The  studies  of  the  Division  of  Plant  Pathology  in  the  meth- 
ods of  control  of  smuts,  the  Rhizoctonia  disease  and  diseases  of 
fruita,  together  with  the  work  of  the  Division  of  Entomology 
in  the  study  of  the  wire  worm,  the  codling  moth  and  insect 
sprays  are  of  immediate  concern  to  the  producer  both  of  field 
crops  and  orchard  products. 

Tbe  goitre  investigationa  recently  completed  by  the  Division 
of  Veterinary  Science  have  been  of  great  service  to  the  prac- 
tical stockmen  in  the  goitre-infected  areas,  and  the  study  of 
Red  Water  in  cattle  and  the  Orchard  Horse  disease  now  under 
way  should  result  in  much  helpful  information. 

Similar  mention  might  be  made  of  the  work  done  in  the 
Divisions  of  Chemistry,  Bacteriology,  Botany  and  Farm  Man- 


6  THIRTIETH  ANNUAL.  REPORT 

agement  and  the  Office  of  Markets.  A  careful  perusal  of  the 
reports  by  DivisioDB  in  the  following  paigea  and  of  the  publi- 
cations issued  from  time  to  time  from  tbe  Experiment  Station 
will  bring  to  each  one  a  more  complete  understanding  of  the 
work  of  the  Experiment  Station  and  Branch  Stations  and  its 
relation  to  the  agriculture  of  the  state. 

Investigations  in  Co-operation  with  the  U.  S.  Department  of 
A^colture 

The  investigations  in  cereal  and  forage  crop  production 
conducted  in  co-operation  with  the  Office  of  Cereal  Investiga- 
tions and  tbe  Office  of  Forage  Crop  Investigations  of  the  U.  S. 
Department  of  Agriculture  were  continued  as  heretofore  at 
tbe  Adams  Branch  Station  at  Lind  and  the  Branch  Station  at 
Watorville  and  increased  emphasis  was  placed  upon  the  co- 
operative work  in  breedint;  wheats  for  smut  reaistanc>  al 
Pill  J  man. 

Co-operation  with  the  Bureau  of  Entomolo(gy  in  wire  worm 
investigations,  commenced  a  year  ago,  was  continued,  the  work 
being  done  primarily  in  the  Adams  County  area,  with  head- 
quarters at  Lind  and  Bitzville. 

Co-operation  with  the  Office  of  Horticultural  Investigations 
of  the  U.  S.  Department  of  Agriculture,  relative  to  seed  potato 
production,  was  continued,  the  work  being  done  at  Pullman, 
at  the  Irrigation  Station  at  Prosser  and  in  co-operation  with 
farmers. 

Co-operation  with  the  Office  of  Farm  Management  of  the 
U.  S.  Department  of  Agriculture  and  with  the  University  of 
Idaho  in  investi|gations  in  tbe  cost  of  producing  wheat  and  in 
the  organization  of  wheat  farms  was  commenced.  Co-oper- 
ative work  with  the  Office  of  Farm  Management  jn  a  study 
of  dairy-farm  organization  and  the  cost  of  producing  dairy 
products  was  continued  until  January,  when  the  representative 
of  the  Office  of  Farm  Management  resigned  and  was  not  re- 
placed. This  work  is  now  conducted  independently  by  this 
Experiment  Station,  Co-operation  with  the  Office  of  Farm 
Management  in  the  very  important  studies  of  farm  organiza- 
tion and  cdst  of  production  is,  however,  very  desirable  and  it 
is  hoped  that  it  may  be  resumed  in  the  not  distant  future. 


WASHINGTON  AGRICULTnHAL  BJXPERIMENT  STATION       7 

The  wort  of  the  Office  of  Farm  Markets,  which  is  very 
closely  associated  with  the  Experiment  Station,  was  continued 
with  the  helpful  and  harmonious  co-operation  of  the  Office  of 
Markets  of  the  U.  S.  Department  of  Agriculture. 

Changea  in  Staff 

There  were  few  changes  in  the  staff  during  the  year.    Thd 
following  resignations  and  appointments  became  effective: 
R«Bigiiatioii8 — 

J.  P.  Fairbank,  Head,  Dept,  of  Agr.  Engineering.  June,  1920. 

Charles  H.  Hunt,  Assistant  Chemist.    June,  1920, 

Harry  H.  Hill,  Asst.  in  Dairy  Manufactures.    March,  1920. 

Milton  Brandt,  Asat.  in  Bacteriology.    May,  1920. 

H.  N.  Colman,  Supt.  Advanced  Registry  Testing.  April,  1920. 
Appolntinenti — 

J.  L.  St.  John,  AsBt.  Chemist.    September,  1919. 

Fred  S.  Martin,  Acting  Supt.  Official  Testing.    April,  1920. 

Roy  Larsea,  Asst.  Horticulturist.    February,  1920.* 

E.  R.  Johnson,  Research  Fellow.    June,  1920. 

There  was  no  new  le|gisIation  affecting  the  Experiment  Sta- 
tion during  the  year. 

Needs  of  th«  E^eriment  Station 

Some  of  the  more  important  needs  of  the  various  Divisions 
of  the  Experiment  Station  are  indicated  in  the  divisional  re- 
ports. 

White  the  state  oppropriations  for  the  experiment  station 
for  this  bienniiun  were  larger  than  those  of  the  last  bienniam, 
the  appropriations  of  the  Federal  Government  through  the 
Adams  and  Hatch  Acts  have  remained  unchanged.  As  a  re- 
sult, the  very  great  increases  in  costs  in  conducting  work  due 
to  the  higher  prices  of  equipment  and  materials  of  all  kinds 
and  the  increased  cost  of  labor  absorbed  the  increased  appro- 
priations. 

There  is  a  constant  demand  from  the  people  of  the  state  that 
investigations  be  made  of  many  agricultural  problems  which 
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thus  far  it  has  been  impossible  to  undertake  with  the  means 
available.  For  instance,  there  is  demand  for  a  very  careful  in- 
yestigation  of  the  collar  rot  and  winter  injury  of  apple  trees 
in  large  sections  of  the  state.  Questions  in  regard  to  orchard 
bi-produets,  that  can  not  be  answered  because  information  is 
not  available,  constantly  arise.  ,  No  comprehensive  study  haa 
been  made  of  the  methods  used  by  farmers  in  logged-off  areas 
in  gaininjg  a  foothold  upon  the  land.  There  is  little,  if  any, 
organized  information  in  regard  to  the  best  methods  of  clearing 
logged-off  land  and  the  cost  of  such  clearing. 

Horse  management  problems  have  received  little,  if  any,  at- 
tention by  this  Experiment  Station. 

Practical  methods  of  reclamation  of  alkali  land  through 
drainage,  proper  handling  of  water  and  careful  soil  manage- 
ment are  still  to  be  worked  out.  Emergency  problems  in  insect 
and  plant  disease  control  ar^se  from  time  to  time.  Questions 
as  to  the  cost  of  production  of  farm  products  and  the  best 
methods  of  organization  of  farms  of  various  types  are  largely 
unanswered.  These  are  only  a  few  of  the  many  problems  re- 
lating to  agriculture  constantly  confronting  the  farmers  of  the 
state  and  it  is  highly  desirable  that  information  to  help  solve 
them  be  made  available  as  rapidly  as  possible. 

The  effective  work  of  the  Office  of  Markets  in  its  studies  of 
methods  of  marketing  of  the  various  farm  products  and  in  its 
helpful  relations  to  the  co-operative  marketing  organizations 
that  are  rapidly  forming  should  receive  adequate  financial  sup- 
port. Indeed,  the  agricultural  conditions  of  the  state  are  so 
varied,  its  problems  so  numerous  and  its  people  so  interested 
in  investigational  work  that  will  be  helpful  to  agriculture,  that 
any  appropriations  made  by  the  state  for  increasing  the  staff 
of  the  experiment  station  and  for  increased  maintenance  in 
order  that  the  work  may  be  expanded  and  vigorously  prose- 
cuted are  a  distinct  investment. 

Boildings  and  X>aiid 

Due  to  a  destructive  tornado  which  passed  over  the  College 
farm  in  July,  1920,  the  sheep  bam,  horse  bam,  bull  bara.  egg- 
laying  contest  building  and  part  of  the  pounltry  plant,  as  well 
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as  a  small  orchard,  were  destroyed.  Inasmuch  as  the  farm 
buildings  are  used  both  for  the  college  work  and  experiment 
station  work,  the  experiment  station  will  be  hampered  cousid- 
t-rably  until  appropriate  new  buildings  are  constructed, 

A  building  program  has  been  proposed  for  ihe  erection  of  a 
dairy  bam,  beef  cattle  barn,  sheep  barn,  poultry  plant  and  hog 
barn,  as  well  as  the  remodeling  of  the  old  beef  cattle  and  dairy 
barn  for  a  horse  bam,  machioe  shed  and  seed  rooms.  Care 
should  be  taken  so  that  the  buildings  constructed  will  be  adapt- 
ed not  only  for  the  use  of  the  college  departments  but  for  such 
experimental  and  investigational  work  as  the  corresponding 
divisions  of  the  experiment  station  will  be  expected  to  con- 
duct at  least  for  the  next  decade. 

Additional  greenhouse  space  is  essential  for  the  Divisions  of 
Plant  Pathology,  Bacteriology,  Chemistry  and  Soils  in  order 
that  much  iuvestiigational  work  that  can  not  be  conducted  in 
the  field  may  be  done  under  controlled  conditions  in  the  green- 
tiouses. 

At  the  Irrigation  Branch  Station,  a  building  program  wa» 
commenced  daring  the  year  and  two  laborers'  cottages  and  a 
large  machine  shed  constructed.  A  large  basement  at  one  end 
of  the  machine  shed  serves  for  the  time  being  as  a  horse  barn. 
A  well  was  driven  and  a  water  system  installed,  and  several 
hundred  trees  were  planted.  There  is  real  need  that  the  build- 
ing program  be  continued  the  coming  year  by  the  construction 
of  an  additional  farm  cottage,  a  laboratory  and  seed  storagd 
building,  feeding  sheds,  silos,  pens  and  yards  and  a  cottage  for 
the  superintendent.  Much  additional  farm  equipment,  such  a9 
grain  hinder,  com  harvester,  silage  cutter,  small  grain  thresher, 
platform  scales,  etc.,  will  be  needed. 

The  Adams  Branch  Station  at  Lind  is  comparatively  well 
equipped  and  no  additions  to  the  buildings  are  at  present  con- 
templated. 

The  Waterville  Branch  Station  is  conducted  in  large  measure 
on  rented  land  and  unless  this  land  were  to  be  donated  to  the 
station  or  purchased  for  the  station,  it  would  not  be  advisable 
to  erect  any  buildings.  Except  for  a  small  office  and  labor- 
atory   building    on     the     small    farm     and    the     old    bam 
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and  dilapidated  house  on  the  larger  farm,  there  are 
no  buildings  on  the  station.  The  horses  are  kept  in  the  bams 
of  the  Douglas  County  Fair  Grounds  immediately  adjoining  the 
small  station  farm. 

Very  little  new  equipment  will  be  needed  at  either  of  the  two 
dry  land  stations. 

More  land  is  needed  at  the  State  College  for  the  growing  of 
pure  seeds  for  distribution  to  the  farmers  of  the  state.  As  im- 
proved varieties  are  secured  by  means  of  breedii^  and  selection 
or  through  introduction  from  other  states  or  countriea.  land 
should  be  available  for  growing  them  in  such  quantities  that 
they  may  be  sent  to  farmers  desiring  to  use  them. 

The  college  farm,  now  consisting  of  about  560  acres,  is  used 
for  all  the  experimental  work  and  for  the  growing  of  some  seed 
and  some  feed.  There  is  always  more  demand  for  seed  than 
can  be  supplied.  Large  quantities  of  feed  also  must  be  pur- 
chased each  year  for  the  stock  on  hand  and  with  the  increasing 
herds  and  flocks  more  feed  will  be  needed.  It  should  not  be 
necessary  to  ship  this  in  and  to  pay  for  freight  as  well  as  feed 
from  current  appropriations.  "With  additional  land  on  which 
to  increase  and  ^ow  seed  for  distribution,  the  land  now  de- 
voted to  this  purpose  would  be  available  for  necessary  expan- 
sion of  pastures  and  for  feed  production. 

Additions  to  the  Staff 
Additions  to  the  staff  in  many  instances  are  highly  desirable. 
In  some  eases,  where  additional  instructors  in  the  college  also 
are  needed,  such  additions  can  be  made  by  the  appointment  of 
men  for  part  time  work  in  the  college  and  part  time  in  tht 
station  or  full  time  in  the  college  or  station,  thus  making  avail- 
able for  experiment  station  work  some  time  now  devoted  to 
teaching  by  present  members  of  the  staff  of  the  college  and  sta- 
tion. In  some  cases  desirable  additions  may  be  made  by  the 
appointment  of  research  assistants  in  the  nature  of  graduate 
fellowships  and  scholarships.  This  practice  not  only  will  give 
much  needed  help  in  many  experimental  and  research  projects, 
at  a  minimum  of  expense,  but  also  will  give  training  (o  men 
much  needed  now  and  in  the  future  in  the  experiment  station 
and  college  work. 

D.n.iized  by  Google 
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DIVISION  OF  ANIMAL  EUSBANBBY 
H.  Hackedom,  in  Oliar^ 
Pea  Straw  tor  Fattening  Cattle. 

Investigations  relative  to  the  best  methods  of  utilizinig  pen 
straw  were  continued.  In  digestion  trials  with  steers,  it  was 
found  that  pea  straw  contaihs  tne  following  percentage  of 
digestible  materials :  proteins,  3 :53% ;  fat,  .75% ;  crude  fibre, 
18.55%  ;  and  nitrogen  free  extract,  29.59%.  The  nutritive  ratio 
of  the  feeds  was  found  to  be  1  to  14.1, 

Four  lots  of  six  steers  each  were  fed  the  same  quantities  of  n 
7  to  1  mixture  of  rolled  barley  and  choice  cottonseed  meal,  Lot 
I  received  pea  straw;  Lot  II,  alfalfa  hay;  Lot  III,  pea  straw 
and  alfalfa  hay;  and  lot  IV,  pea  straw  and  com  silage. 

Comparisons  of  Lots  I  and  II  indicate  that  one  pound  of  pea 
straw  has  the  feeding  value  of  three-fourths  pound  of  alfalfa 
hay.  Lots  I  and  III  compared  show  tbe  same  relationship,  thus 
supporting  the  first  comparison.  Comparisons  of  Lots  I  and  IV 
indicate  that  one  pound  of  pea  straw  has  the  replacing  value 
ol  2.2  pounds  of  good  com  silage.  All  lots  consumed  15  pounds 
of  grain  mixture  per  head  daily,  and  required  from  560  to  595 
pounds  grain,  in  addition  to  the  rougbaige,  for  each  100  pounds 
of  body  gain.  Lot  I  received  I  part  grain  to  1.3  parts  pea  straw, 
while  Lot  II  received  grain  and  alfalfa  hay  in  equal  proportions. 

Snnflower  Silage  for  Sheep. 

In  analyses  of  sunflower  silage  taken  from  various  dephts  of 
the  silo,  it  was  found  to  contain  22.1%  dry  matter;  1:72% 
crude  protein ;  1.76%  crude  fat ;  6.42%  crude  fibre ;  9.96%  nitro- 
gen free  extract;  and  2.16%  ash.  Digestion  trials  with  sheep 
have  shown  that  sunflower  silages  contain  the  following  per- 
centages of  digestible  nutrients ;  crude  protein,  1.00% ;  fat, 
1.45%;  cmde  fibre,  2.50%;  and  nitrogen  free  extract,  5.67%. 

Two  lots  of  five  lambs  each,  averaging  85  pounds  per  head, 
were  fed  barley,  cull  beans  and  pea  straw.  One  lot  received 
com  silage,  the  other  sunflower  silage. 

The  corn  silage  lot  required  442  pounds  grain,  187  pounds  pea 
straw  and  526  pounds  com  silage,  per  100  pounds  body  gain. 
The  sunflower  silage  lot  required  666  pounds  grain,  310  pounds 
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pea  straw  and  811  pounds  sunflower  silage.  The  sunflower 
silage  lot  evidently  had  a  larger  grain  requirement  per  100 
pounds  body  gain,  but  the  small  >nubnier  of  lambs  per  lot  does 
not  warrant  definite  conclusions. 

Sunflower  silage  fed  to  a  flock  of  breeding  ewes  for  sixty 
days  before  lambing  gave  as  good  results  as  corn  silage  as  far 
as  the  condition  and  the  weight  of  the  ewes  were  concerned. 

Stady  of  Comparative  Value  of  Protein  Supplements  in  Swine 
Bations. 

A  throe  to  one  mixture  of  rolled  barley  and  wheat  shorts 
was  used  as  a  basal  grain  mixture  fed  to  pigs  averaging  45 
pounds  at  the  beginning  of  the  experiment  and  finishing  at  223 
to  250  pounds.  Lot  I  received  tankage,  Lot  II,  linseed  oil  meal, 
Lot  III  cocoanut  meal,  and  Lot  IV  fish  meal. 

The  proportion  of  supplement  to  barley  and  shorts  was  de- 
creased as  the  pigs  increased  in  weight  so  as  to  widen  the  nutri- 
tive ratio.  All  the  mixtures  at  each  point  of  the  experiment  con- 
tained the  same  ratio  of  protein  to  carbohydrates.  The  ratio  of 
grain  mixture  to  supplement  varied  as  follows:  tankage  lot, 
from  7to  1  up  to  16  to  1 ;  linseed  oil  meal  lot,  3 :1  to  9 :1 ;  cocoa- 
nut  meal  lot,  from  1:1  to  3^4:1,  and  the  fish  meal  lot  from  7:1 
to  12:1. 

The  ration  containing  eocoanut  meal  was  too  bulky  and  the 
gains  were  least  economical.  The  tankage  lot  required  403 
pounds  grain  per  100  pounds  body  gain,  the  linseed  oil  meal  lot 
334  pounds,  the  eocoanut  meal  lot  440  pounds  and  the  fish  meal 
lot  339  pounds. 

Work  involving  economical  utilization  of  forage  for  pork  pro- 
duction was  planned:  (1)  to  study  the  value  of  protein  supple- 
ments for  grain  mixtures  fed  to  hogs  on  legume  forage,  and 
(2)  to  determine  the  value  of  forage  in  terms  of  grain.  It  was 
satisfactorily  demonstrated  that  a  protein  supplement  is  highly 
desirable  in  hog  rations  fed  in  connection  with  alfalfa  forage. 
A  protein  supplement  fed  in  grain  rations  in  connection  with 
pea  forage  did  not  effect  any  saving  of  grain  per  unit  of  gain. 
Pigs  hogging  off  corn  will  make  more  economical  gains  if  jgiven 
a  protein  supplement. 

In  44  days,  an  acre  of  alfalfa  carrying  28%  pigs  effected  th« 
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fiaving  of  877  poundB  of  grain  as  compared  to  full  feeding  in 
dry  lot.  An  acre  of  pea  forage  carrying  3%  head  per  acre 
for  60  days  effected  a  saving  of  679.5  pounds  grain  in  con- 
trast lo  dry  lot  feeding.  {The  peas  yielded  24  bushels  per 
acre).  Fifteen  94-pouad  pigs  hogged  off  an  acre  of  corn  in 
thirty  days  which  would  have  yielded  36.7  bushels  per  acre. 
Without  any  additional  grain  fed,  the  hogs  produced  487.5 
pounds  pork  per  acre. 

The  quantity  of  peas  and  corn  not  utilized  indicated  that 
the  auDiber  of  hogs  per  acre  of  forage  could  be  profitably 
increased. 

Needs  of  the  Animal  Husbandry  Division, 

One  of  the  greatest  needs  in  the  investigational  work  is 
more  comprehensive  library  facilities.  Practically  no  refer- 
ence books  are  available  except  the  experiment  station  records 
and  files  of  bulletins  published  by  various  experiment  sta- 
tions in  this  country.  It  will  require  a  considerable  library 
fund  to  secure  the  much  needed  publications, 

A  laboratory  for  conducting  digestion  trials  with  cattle, 
sheep,  hogs  and  horses  is  needed.  This  would  not  require  a 
large  expenditure  of  money  and  would  add  materially  to  the 
efficiency  of  the  experimental  work. 

A  normal  incrase  in  the  experimental  work  along  nutrition 
lines  will  require  a  chemist  to  do  routine  analytical  work. 

Some  experimental  work  on  the  problem  of  wintering  the 
idle  horse  and  also  the  growing  of  horses  on  the  farms  is  im- 
portant in  this  section  and  should  be  undertaken  at  the  earli- 
CEt  opportunity. 


DIVISION  OF  BAOTEBIOLOOY 
T.  J.  Murray,  in  Oharge 
Legume  Ooltnre  Work. 

Inoculating  material-  was  prepared  and  furnished  to  the 
farmers  of  the  state  in  quantity  sufficient  for  10,044  acres  of 
legumes. 

D.n.iized  by  Google 
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A  Comparison  of  Different  Inocnlating  Cultures : 

A  study  of  different  types  of  iBOculsting  culture  was  con- 
tinued in  dlffereint  parts  of  the  state.  The  college  alfalfa  cul- 
ture was  compared  with  commercial  cultures  at  the  Western 
Washington  Experiment  Station.  At  Wenatchee,  college  cul- 
tures of  vetch,  peas  and  alfalfa  were  compared  with  commer- 
cial cultures.  In  co-operation  with  the  University  of  Idaho, 
the  college  bean  cultore  was  compared  with  the  University  of 
Idaho  culture  and  several  commercial  cultures  at  Lewiston, 
Idaho.     The  results  of  this  work  have  not  yet  been  obtained. 

Factors  That  Control  the  Infection  of  Legumes  by  Bacteria. 

No  work  was  done  on  this  project  this  year,  due  to  lack  of 
available  greenhouse  apace, 

Borine  Tubercle  BaoilltiB. 

In  the  work  on  this  project  last  year,  it  was  found  that 
when  urea  was  substituted  for  glycerine  in  Magoon's  syn- 
thetic Media,  the  tubercle  bacillus  ceased  to  grow.  This  year 
many  of  the  common  and  rare  sugars  were  substituted  for  the 
urea.  Satisfactory  results  have  not  yet  been  obtained  in  get- 
ting a  fat  free  tubercle  bacillus. 

The  Effect  of  Straw  on  the  Soil. 

The  laboratory  work  on  this  project  has  been  practically 
completed.  A  bulletin  covering  the  results  has  been  prepared 
and  will  be  published. 

MjBcellaneoiiB  Analysis. 

Numerous  analyses  of  water  and  of  milk  have  been  made 
for  the  people  of  the  state. 

Needs  of  the  Division  of  Bacteriology. 

More  room  for  the  experiment  station  laboratory  is  needed 
as  well  as  greenhouse  space  where  temperature,  humidity  and 
light  can  be  adequately  controlled.  More  time  should  also  be 
available  to  the  experiment  afation  bacteriologist  for  research 
work  than  heretofore  in  order  that  some  of  the  projects  now 
under  way  may  be  given  additional  attention  and  in  order 
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that  there  may  be  opportunity  to  eo-operate  more  fully  with 
other  divifiions  in  joint  projects  where  bacteriological  work  is 
not  only  desirable  but  essential. 


DIVISION  OF  BOTAITT 
7.  L.  Pickelt,  in  Obarge 

The  station  botanist  has  oversight  of  the  seed  laboratory 
during  the  school  year  and  immediate  direction  of  the  work  of 
this  laboratory  during  the  summer  vacation  of  the  analyst 
About  1500  germination  tests  and  almost  as  many  purity  tests 
were  made  during  the  year. 

Following  the  work  of  previous  years,  extensive  data  as  to 
weed  introduction  and  distribution  have  been  gathered  by  cor- 
respondence and  tabjilated.  In  this  connection  about  700  in- 
quiries by  farmers  have  been  cared  for  by  identification  of 
weeds  or  by  soiggestions  as  to  eradication. 

No  funds  were  available  this  fiscal  year  for  labor,  materials 
or  supplies  for  experimental  work.  The  wild  morning  glory 
eradication  investigations  begun  the  previous  year,  therefore, 
were  dormant  during  the  year.  It  is  hoped,  however,  that  in 
the  next  biennium,  funds  may  be  available  for  experimental 
work  dealing  with  possible  methods  of  eradication  or  control. 

Due  to  shortage  of  help  and  consequent  increatse  of  time 
needed  for  routine  duties,  it  has  been  impossible  to  continue 
the  work  on  the  weed  bulletin  mentioned  in  the  last  report. 


THE  DIVISION  OF   CHEMISTRT 
OflO.  A.  Olson,  in  Charge 
Baking  Qnalitiea  of  Flour. 

The  investigations  of  the  "Baking  Qualities  of  Plour"  con- 
ducted this  year  were  divided  into  two  groups,  as  follows : 
(a)    The  influence  of  variation  in  the  quantity  of  inorganic 
salts,  sugar  and  yeast  on  the  baking  quality  of  flours 
haviqg  different  and  equal  gluten  contents. 
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(b)  A  study  of  the  pepsin  digeBtion  of  various  glutens. 

lu  the  use  of  salts,  sugars  and  gluteu  in  various  combina- 
tions, it  is  found  that  the  addition  of  sugar  alone  offers  a 
greater  volume  production  than  is  obtained  with  or  withouv 
salt  alone.  It  is  known  that  salt  tends  to  make  the  dough 
firmer.  The  addition  of  calcium  hydrogen  sulphate  to  the 
sugar  salt  combination  produdfes  a  slight  increase  in  volume 
when  compared  either  with  results  of  the  sugar  or  the  sugar 
and  salt  combination.  When  the  gluten  content  of  the  flours 
have  been  made  exactly  the  same  and  the  salt  and  sugar  in- 
cluded, there  is  some  improvement  in  volume  but  the  volume 
production  remains  in  the  same  order  as  it  was  without  the 
gluten. 

In  previous  publications  from  this  Division,  it  has  been 
shown  that  the  water  soluble  extracts  exert  the  igreatest  in- 
fluence in  volume  production.  The  sugar  and  calcium  hydro- 
gen  sulphate  added  make  further  improvements  in  loaf  vol- 
ume. Just  what  combination  of  the  various  component- 
flour  will  make  the  largest  loaves  of  excellent  texture  is  yd 
to  be  learned.  Measurements  are  being  made  and  it  is  hoped 
that  something  definite  will  result. 

In  the  proteoclasis  studies  of  the  glutens,  some  very  inter- 
esting information  has  been  obtained.  The  present  findings 
show  that  the  glutens  and  the  total  flour  proteins,  including 
the  glutens,  have  digestion  values  of  very  wide  range. 

Washington  flour  glutens  appear  to  be  more  resistant  to 
pepsin  digestion  than  has  been  the  ease  with  glutens  obtained 
from  other  sources. 

At  the  present  time  it  is  impossible  to  state  whether  the  dif- 
ferences noted  above  are  due  tp  climatic  or  varietal  condi- 
tions. It  is  known,  however,  that  the  information  obtained 
can  be  used  to  differentiate  between  the  various  qualities  of 
the  gluten.  In  ease  it  should  be  found  that  the  differences  are 
varietal  and  inheritable,  then  it  would  follow  that  gluten  qual- 
ity could  be  controlled  through  breeding  and  selection. 

Prom  a  commercial  point  of  view,  a  rapid  method  of  meas- 
uring the  quality  of  gluteus  could  be  perfected  and,  if  further 
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experimentation  should  Bupport  the  present  findings,  it  would 
be  worth  while  to  work  out  such  a  device. 

Greenhouse  space  and  the  construction  of  a  lysimeter  is 
needed  in  order  that  the  work  on  the  function  of  sulphur  as  1 
plant  food,  a  project  already  under  way,  and  the  studies  of  the 
relation  of  the  composition  of  wheat  to  soil  types  may  be  con- 
tinued. 


STATE   OHEHnST 

The  Chemist  of  the  Washington  Experiment  Station,  who  13 
also  State  Chemist,  has  assisted  both  the  State  Department  of 
Agriculture  and  the  Department  of  Secretary  of  State  by  do- 
ing analytical  work  and  giving  expert  testimony  when  re- 
quested in  cases  involving  the  laws  administered  by  these  De- 
partments. 

bsecticides  and  Fungicddes. 

A  small  number  of  insecticides  and  fungicides  were  submit- 
ted to  this  division  for  analysis.  These  sample^  were  ana- 
lyzed and  reports  given  to  the  proper  authorities. 

Dairy  Prodncta. 

Samples  of  milk,  cream,  butter  and  cheese  were  analyzed. 
Some  of  the  samples  were  found  to  run  below  the  standards. 

Fertilizers. 

Analyses  of  samples  of  fertilizers  show  a  large  number  run- 
ning below  in  one  or  more  of  the  fertilizer  ingredients  guar- 
anteed by  the  manufacturer.  Perhaps  wider  publicity  than  is 
now  given  would  aid  in  bringing  the  quality  of  the  fertilizers 
up  to  the  guaranteed  values. 

Foods. 

The  quality  of  the  samples  of  food  submitted  was  very  good. 
Some  vinegar  samples  analyzed  were  found  to  be  below  the 
state  standards.  Two  brands  of  condensed  milk  manufactured 
by  one  company  showed  from  analysis  that  they  were  sold  in 
violation  of  the  regulations  of  this  state.  A  large  number  of 
analyses  of  simp  advertised  on  bills  of  fare  by  restaurant  own- 
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ers  as  maple  sirup,  showed  them  to  be  com,  eane,  or  a  com- 
binatioQ  of  com  and  cane  sirups  with  or  without  artificial  fla- 
Toriqg  and  coloring  matter.' 

Feeding  Stuffs. 

la  the  early  part  of  the  year  following  the  enforcement  of 
the  new  feeding  stuffs  law  of  this  state,  samples  were  analyzed 
which  did  not  measure  up  to  the  values  guaranteed  by  the 
manufacturers.  Since  that  time  only  a  very  small  number  of 
feeding  stuffs  have  shown  values  which  were  not  better  than 
those  guaranteed  by  the  manufacturers.  The  improvement  in 
the  quality  of  the  stock  foods  sold  in  this  state,  due  to  the  re- 
quirements stipulated  in  the  statutes  and  the  rigid  enforce- 
ment of  them  by  the  State  Department  of  Agriculture  is  very 
marked. 

Short  Wei«^t. 

The  State  Chemist  determined  the  moisture  content  of  sam- 
ples of  flour  which  were  found  to  be  short  weight  by  deputy 
sealers  from  the  office  of  the  Secretary  of  State.  This  assist- 
ance was  of  help  in  determining  whether  or  not  the  flour  was 
short  weight  due  to  loss  of  moisture  or  bad  been  sold  with  a 
moisture  content  in  excess  of  that  permitted  in  the  food  regu- 
lations. 


THE  DIVISION  OF  DAIET  HUSBANDRY 
E.  O.  Woodward,  in  Ohai|re 
Sunflower  Silage  vs.  Oom  Silage. 

A  feeding  trial  for  the  purpose  of  comparing  sunflower  silago 
with  com  silage  as  feed  for  milk  production  was  conducted 
with  eight  cows.  These  were  fed  for  eighty  days.  Four  cows 
were  started  with  sunflower  silage  and  four  with  com  silage. 
The  feeds  were  reversed  at  the  end  of  forty  days. 

Tabulation  ol  Besnlts  ot  Feeding  Sunflower  Silage  and  Com  SUsge 

Totals  for  Oronps 

Ration  CoTB     Silage         Har  Grain         MUk     Gain  or 

lbs.  lbs.  lbs.  lbs.    Loas,  IbB. 

Sunflower    allage     S  8261  4240  3285  7610  — 3 

Cora  BlUge 8  9152  4244  302S  7575         4.123 
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The  iDterpretatioQ  of  results  is  somewhat  difficult,  due  to 
the  fact  that  cows  receiving  com  silage  gained  in  weight  while 
those  on  sunflower  silage  remained  practically  the  same  in 
weight.  The  cows  receiving  com  silage  ate  891  pounds  more 
than  those  receiving  sunflowers.  At  the  same  time  the  com 
silage  ^oup  gained  approximately  125  pounds  more  than  the 
sunflower  group. 

Ou  the  other  hand,  the  sunflower  group  ate  256  pounds  mor^i 
grain  than  the  group  receiving  com  silage.  If,  in  interpreting 
the  results,  it  is  assumed  that  twenty  pounds  of  silage  is  equiva- 
lent to  one  pound  of  grain  in  weight,  it  would  mean  that  the 
cows  on  com  silage  had  gained  during  the  expGrim£nt  an 
equivalent  of  approximately  2500  pounds  of  silage,  whereas  they 
had  actually  consumed  891  pounds  more  sil^e  than  the  sun- 
flower group.  This  would  leave  a  difference  of  approximate- 
ly 1600  pounds  in  favor  of  the  com  silage  -group. 

If  it  is  further  assumed  that  the  grain,  is  five  times  as  valu- 
able as  com  silage,  the  256  pounds  which  the  sunflower  group 
ate  in  excess  of  the  com  silage  group  would  be  equivalent  to 
1280  pounds  of  silage.  This  added  to  the  1600  pounds  for  the 
com  silage  group  would  make  a  total  difference  between  the 
groups  of  2880  pounds  of  silage. 

Based  on  the  assumption  that  the  grain  is  five  times  a^ 
valuable  as  the  silage  and  the  hay  three  times  as  valuable,  this 
2880  pounds  is  equivalent  to  practically  eight  per  cent  of 
the  entire  ration.  In  other  words,  it  might  be  said  that  th^ 
simflower  silage  was  approximately  92  per  cent  as  valuable 
as  the  com  silage  in  this  trial. 

This  report  must,  however,  be  taken  merely  as  a  prelim- 
inary finding,  as  it  is  based  upon  one  trial  for  a  single  year. 

Another  point  of  interest  brought  out  by  this  trial  is  the 
fact  that  sunflower  silage  was  considerably  less  palatable 
than  the  corn  silage.  A  number  of  cows  did  not  relish  the 
annflower  silage  to  begin  vrith  and  in  fact  seemed  to  be  con- 
suming it  almost  to  the  limit  of  their  appetite  whereas  un- 
doubtedly they  would  have  eaten  a  considerably  greater  quan- 
tity of  com  silage. 

D.n.iized  by  Google 
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The  com  silage  used  in  this  trial  was  of  especially  goo<l 
quality,  being  quite  rich  in  grain.    The  sunflower  silage  would 
probably  be  considered  as  of  medium  quality.     It  was  quite 
dark  in  appearance,  although  seemingly  it  kept  well. 
A  Study  of  Calf  Rations. 

In  the  study  of  the  value  of  different  calf  rations,  three  pre- 
pared calf  meals,  skim  milk  aod  whole  milk  were  fed  to  young 
calves.  The  change  from  whole  milk  to  calf  meal  or  to  skim 
milk  was  made  gradually,  beginning  at  the  age  of  fourteen 
days.  Most  of  the  calves  were  on  the  new  ration  by  the  time 
they  were  twenty-five  dtijs  old. 

The  calves  receiving  the  skim  milk  and  the  milk  substitutes 
made  satisfactory  growth.  However,  tbey  did  not  look  as 
smooth  in  some  cases  as  those  fed  skim  milk  or  whole  milk. 

The  Effect  of  Exercise  ajid  Feed  Upon  the  Vit^ty  and  Breed- 
ing: Ability  of  Bulls. , 

The  Ayrshire,  Jersey  and  Holstein  herd  bulls  owned  by  the 
college  were  used  in  this  investigation.  Exercise  was  given 
on  a  tread  mill  at  the  rate  of  two  and  a  half  miles  an  hour 
for  thirty  minutes  a  day.  A  sample  of  semen  was  taken  from 
the  cow  after  service  and  the  vitality  of  the  spermatozoa  as 
indicated  by  their  motility  was  determined  by  means  of  the 
microscope. 

The  results  may  be  summarized  as  follows:  In  the  ease  of 
a  slow  bull,  exercise  greatly  diminished  the  time  required  for 
service.  A  (greater  percentage  of  the  spermatozoa  were  motile, 
when  the  bulls  received  exercise,  than  when  they  were  kept  in 
box  stalls  without  exercise.  When  the  bulls  were  exercised, 
60%  to  100%  of  the  spermatozoa  were  motile,  without  exercis'! 
5%  to  45%  were  motile. 

When  the  bulls  were  exercised,  the  spermatozoa  were  more 
vigorous,  as  evidenced  by  the  fact  that  they  were  motile  for 
a  longer  period  of  time  than  was  the  ease  where  the  bulls 
were  kept  in  box  stalls  without  exercise.  With  exercise  some 
motion  of  the  spermatozoa  was  noticeable  for  22  to  39  hours; 
withou*  exercise  motion  ceased  in  from  3  to  24  hours. 
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NeedB  of  the  Division  of  Dairy  Hiubandiy. 

More  help  is  needed  od  the  staff  of  the  Dairy  Division,  both 
in  the  college  and  station.  Only  a  very  limited  time  on  the 
part  of  the  head  of  the  Division  is  now  available  for  invesfi- 
iiational  work  and  the  details  of  such  work  must  be  handled 
hy  advanced  students.  This  should  be  remedied  as  soon  ax 
there  are  funds  fof  additions  to  the  staff. 

Official  Dairy  Testing  Work. 

The  number  of  breeders  doing  official  testing  work,  July 
],  1920,  is  as  follows;  Ayrshire,  4;  Guernsey,  20;  Holstein, 
54;  Jersey,  34;  or  a  total  of  112, 

The  number  of  cows  on  test  between  the  dates  given  is 
as  follows:  Ayrshire,  38;  Guernsey,  52;  Holstein,  486;  Jersey, 
297,  or  a  total  of  837  cows. 

The  kinds  of  tests  made  from  July  1,  1919,  to  July  1,  1920, 
are  as  follows :  Two  day  tests,  3869 ;  seven  day  tests,  323 ; 
thirty  day  tests,  28 ;  retests,  84,  or  a  total  of  4304. 

The  first  six  months  of  the  year  1920  shows  an  increase  oi 
85  per  cent  over  the  corresponding  period  of  the  previous 
vear,  the  largest  increase  being  in  the  semi-official  wort 
where  the  increase  was  86  per  cent.  The  official  work  showed 
an  increase  of  51  per  cent. 


DIVISION  or  ENTOMOLOGY  AND  ZOOLOGY 
A.  L.  Hfllaader  in  Charge 
Codling  Moth. 

Practical  orchard  spraying  was  begun  early  in  the  summer 
at  Cashmere,  Opportunity  and  Moran  to  determine  experi- 
mentally the  relative  value  of  various  treatments.  The  ex- 
lieriments  were  conducted  partly  in  connection  with  the  Ex 
tension  Service  and  partly  articulating  with  those  of  the  U.  S. 
Bureau  of  Entomology  at  Yakima.  The  following  results  were 
obtained : 

(a)  The  coefficient  method  of  rating  has  shown  a  slight 
advantage  in  favor  of  the  clipper  nozzle  over  the  spray-gun 
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at  the  calyx  application,  notwithstanding  opinions  to  the  con- 
trary, based  on  the  final  percentage  of  worm  free  fmit. 

(b)  Powdered  arsenate  of  lead  gave  slightly  better  results 
than  calcium  or  imaguesium  arsenates,  and  this  year  proved 
somewhat  better  than  the  paste  form.  Calcium  arsenate 
showed  no  scorching  even  where  the  lime  or  lime  sulphur  was 
omitted. 

(c)  There  was  not  enough  improvement  when  using  strong 
sprays  to  warrant  recommending  a  spray  much  stroniger  than 
one  pound  of  powdered  lead  arsenate  to  75  gallons. 

(d)  During  the  process  of  spraying,  the  addition  of  four 
to  six  bars  of  laundry  soap  helped  materially  in  increasing 
the  covering  ability  of  the  spray.  However,  the' added  spread- 
er did  not  increase  returns  in  worm  free  fruit. 

(e)  Late  sprayings  proved  very  necessary  in  the  orchards 
under  treatment,  which  were  selected  because  of  particularly 
heavy  infestation.  The  calyx  spraying  alone,  though  given 
with  the  utmost  care  and  thoroughness,  would  not  have  suf- 
ficed. Of  the  three  places,  the  orchard  at  Cashmere  has  the 
least  loss,  due  undoubtedly  to  the  careful  thinning  for  wormy 
fruit  during  the  time  of  the  first  brood.  It  is  quite  clear  that 
such  thinning  is  more  valuable  than  late  spraying  in  prevent- 
in|g  the  crop  from  becoming  wormy. 

Winter  Kill  of  Saji  Jose  Scale. 

The  project  on  the  varjing  susceptibility  of  the  San  Jose 
scale  to  insecticides  was  changed  this  year  to  a  study  of  winter 
mortality  due  to  the  almost  unprecedented  cold  weather  of 
October  and  December.  It  was  found  that  throughout  the 
.scale  district  the  mortality  was  in  general  greater  than  that 
usually  following  spraying.  In  some  sheltered  places  the 
winter-bill  amounted  to  7ij  per  cent  but  elsewhere  the  mortal- 
ity was  excessive,  becoming  practically  a  complete  extermina- 
tion in  some  districts.  Resistance  to  sprays,  as  determined  by 
districts  during  the  investigation  of  previous  years,  was  not 
correlated  with  survival  over  the  past  winter,  the  winter  kill 
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being  entirely  a  matter  of  degree  of  coldness.  A  paper  deal- 
ing with  the  details  of  the  findings  will  appear  shortly  in  the 
Journal  of  Economic  Entomology. 

Cranberry  Insects. 

The  study  of  the  insects,  partipul&rly  the  fireworm,  affect- 
ing cranberriea  in  southwestern  Washington  conducted  the 
past  two  seasons  in  cooperation  with  the  Bureau  of 
Entomology  of  the  U.  S.  Department  of  Agriculture  was 
brought  to  a  close  in  September.  The  results  of  the  investiga- 
tion will  be  published  by  the  Bureau. 

Wireworms  Affecting  Wheat. 

During  the  season  of  1919  and  again  during  1920,  a  cooper- 
ative study  of  the  soil  insects  of  wheat  has  been  condncted  at 
Lind  and  Ritzville  in  collaboration  with  the  Bureau  of 
Entomology  of  the  XJ.  S.  Department  of  Agriculture.  Various 
methods  of  treatment  are  being  practiced  in  an  effort  to  dis- 
cover some  control  that  will  be  practical  under  the  conditions 
of  the  extensive  farming  of  this  district. 

The  Borboridae  of  NorUi  America. 

A  mono^aphic  review  of  the  species  of  this  family  of  flies 
has  been  completed  and  is  ready  for  publication. 

Spray  Poisomiig  of  Beei. 

In  connection  with  the  Extension  Service  and  the  Division 
of  Apiculture,  a  survey  of  the  extent  of  damage  to  bees  from 
poison  sprays  has  been  carried  on.  A  study  of  the  little-known 
causes  and  prevention  of  this  trouble  will  be  made. 

The  Leaf  Boiler. 

The  most  startling  orchard  pest  of  the  year  has  been  the 
leaf  roller  of  the  Spokane  district.  Preliminary  work  has  been 
carried  on  by  the  entomologists  with  a  view  to  more  extensive 
investigation  and  an  educational  campaign  the  coming  spring. 
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DIVISION  OF  FARM  CROPS 
E.  a.  Scbafer  in  Charge 
Varietal  and  Crop  Adaptation. 

The  results  of  recently  compiled  data  show  that  certaiu 
varieties  of  wheat,  including  Forty  Fold,  Red  Russian  and 
others,  which  have  been  grown  quite  exlensively,  are  of  in- 
ferior value  and  for  the  most  part  should  be  eliminated.  If 
the  varieties  grown  in  the  state  were  restricted  to  those  best 
adapted,  an  increase  in  production  could  be  expected.  Hybrid 
128  and  Turkey  Red  are  among  those  which  should  be  used 
for  fall  seeding.  Blucstem,  Early  Baart  and  Marquis  should 
be  used  for  spring  seeding,  each  variety  being  used  in  the  lo- 
cality to  which  it  is  best  adapted. 

The  data  obtained  for  oats  indicate  that  Abundance  has 
been  the  best  yielding  variety  grown  at  the  Experiment  Sta- 
tion. 

New  varieties  of  field  crops  are  being  introduced  from  vari- 
ous sources  each  year  and  compared  with  the  standard  varie- 
ties of  the  state  in  order  to  determine  their  relative  worth  and 
protect  the  producers  against  untried  introductions. 

Onltiiral  Practices. 

The  results  of  the  various  cultural  experiments,  which  have 
liecn  conducted  on  Field  VI  for  a  period  of  twenty  years  re- 
cently have  been  compiled  and  prepared  for  publication. 
These  investigations  include  the  manner  of  applying  manure, 
summer  fallow  methods,  wheat  in  rotation,  fall  and  spring 
plowing  for  spring  wheat,  and  depth  of  spring  plowing  for 
spring  wheat. 

The  Production  of  SnperiOT  Varieties. 

More  than  3000  pure  line  selections  and  hybrids  were  grown 
experimentally  during  the  year  in  search  of  more  hardy  and 
productive  varieties  of  wheat.  A  large  number  of  selections 
have  been  produced  which  show  promise  of  superior  quality, 
hieh  yield  and  other  desirable  characteristics  and  are  more 
resistanf  to  smut  than  the  wheats  now  grown  commercially. 

,      : ,  C;oo!;lc 
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Similar    investigatioiis    are    being   conducted    with    oats    and 

barley. 

The  Study  of  Plant  Breeding  Laws. 

Several  crosses  between  widely  different  types  of  grain  hav<> 
been  made  in  order  to  determine  the  underlying  laws  of  their 
inheritance.  Such  characteristics  as  size  of  grain,  sterility, 
color  of  straw,  chaff  and  kernels,  hardness  of  grain,  winter 
hardines.s  and  smut  resistance  have  been  observed  and  ana- 
lyzed in  the  second  and  later  generations. 
Fora^  Crops  and  Practices. 

A  forage  nursery  has  been  established  in  which  341  varie- 
ties and  selections  of  alfalfa,  clover,  peas,  beans,  sunflowers 
and  grasses  are  being  grown  to  determine  comparative  values. 
Special  attention  is  (given  to  the  work  of  establishing  forage 
crops  in  order  that  such  crops  may  be  of  benefit  in  promoting 
livestock  production  and  maintaining  soil  fertility. 
Crop  Rotations. 

The  permanent  crop  rotation  experiment  which  started  re- 
cently is  well  established.    Yields  of  the  various  crops  of  thu 
rotation  were  obtained  from  the  various  plots  in  1919  and  the 
cropping  system  is  being  conducted  according  to  outline. 
Distribution  of  Seed. 

Pure  seed  of  varieties  that  have  proved  superior  have  beeii 
distributed  to  the  different  parts  of  the  state  to  which  they 
seemed  adapted.  A  total  of  94,613  pounds  of  seed  were  dis- 
tributed in  225  shipments  to  25  different  counties. 

The  work  of  supplying  pure  culture  for  alfalfa,  clover,  field 
peas,  etc.,  has  been  continued  and  conducted  cooperatively 
with  the  Division  of  Bacteriology.  Sufficient  bacterial  culture 
to  inoculate  10,044  acres  was  sent  to  1,188  parties  and  went 
into  every  county  in  the  state. 


DIVISION  OP  PAKM  MANAGEMENT 

Oeorge  Severance  in  Charge 

The  work  of  the  Division  of  Parm  Management  for  the  past 

year  has  been  centered  upon  two  projects,  namely:  "The  Cost 
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of  Milk  Production  and  Dairy  Farm  Organization"  and  "Stu- 
dies on  the  Cost  of  Wheat  Production  and  Grain  Farm  Or- 
ganization in  the  Palouse."  Work  on  the  first  project  wag 
begun  in  cooperation  with  the  Office  of  Farm  Management, 
U.  S.  Department  of  Agriculture,  but  since  the  resignation  of 
its  representative  in  January,  this  Division  has  been  con- 
ducting the  investigations  alone.  The  work  of  the  past  year 
has  consisted  of  accnmulating  detailed  business  records  in- 
cluding labor  distribution  from  a  number  of  selected  farm- 
ers. When  complete  records  for  one  year  have  been  secured 
they  will  be  tabulated. 

Work  on  the  second  project  is  being  carried  on  in  coopera- 
tion with  the  Office  of  Farm  Management  of  the  U.  S.  Depart- 
ment of  Agriculture  and  the  University  of  Idaho.  Detailed 
farm  survey  data  for  the  year  1919,  including  labor  distribu- 
tion on  all  crops  and  on  livestock,  have  been  secured  from  250 
farms  in  the  vicinity  of  Pullman,  Washington,  and  Moscow, 
Idaho,  and  the  data  are  now  being  tabulated  by  the  Office  of 
Farm  Management. 


THE  DIVISION  OF  HORTICULTURE 

0.  H.  Morris  in  Charge 

Six  projects  were  given  attention  during  the  yaar.     Other 

projects  have  been  approved  and  some  work  done  on  them 

but  they  are  dormant  at  the  present  time. 

Mendel's  Law  in  Bladtberry  and  Raspberry  Hybrids. 

Progress  has  been  made  in  the  work  on  this  project.  Special 
characters  must  be  used  for  the  basis  of  features  or  character 
segregation.  The  Iqganberry  and  dewberry  used  in  one  fea- 
ture line  of  work  seem  to  be  practically  intersterile  and  very 
few  crosses  were  succesaful  in  producing  seed  for  continuance 
cf  the  wort.  The  raspberry  and  loganberry  crosses  nsed  for 
another  feature  study  were  inter-sterile  and  produced  no 
viable  seed,  thus  practically  eliminating  this  cross  from  th'j 
work,  Crosses  between  the  blackcap  raspberry  and  the  red 
raspberry  seem  to  be  easily  secured  and  a  satisfactory  num- 
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ber  of  seeds  have  been  obtained  for  the  tests  of  inheritance  of 
vegetative  methods  of  reproduction,  the  characteristies  select- 
ed for  study  in  this  cross.  It  seems  clear  now,  however,  that 
the  cross  between  blackberries  and  raspberries  is  too  violent 
to  permit  of  satisfactory  seed  formation.  It  is  not  planned, 
therefore,  to  continue  work  in  this  direction. 

Apple  Rosette. 

Repeated'  careful  surveys  have  failed  to  find  evidence  that 
apple  rosette  is  present  in  any  orchards  other  than  those  on 
alkali  soils.  It  seems  clearly  demonstrated  that  the  use  of 
legume  cover  crops  in  the  orchards  causes  the  trees  to  reeovei- 
from  this  trouble  and  resume  normal  growth.  These  cover 
crops  reduce  the  evaporation  from  the  soil's  surface  and  tend 
to  reduce  the  quantity  of  alkali  in  the  surface  soil. 

Chemical  analyses  of  more  samples  of  badly  rosetted  twigs 
and  their  foliage  and  the  normal  twigs  and  their  foliage  have 
been  made.  The  data  secured  show  that  the  ash  and  alkali 
content  of  the  rosetted  material  is  much  higher  than  in  the 
normal  material. 

All  of  the  work  may  be  summarized  as  indicating  that  the 
accumulatiiAi  of  alkaline  salts  in  the  plant  body  is  at  least 
a  contributing  factor  to  the  development  of  this  abnormal 
formation. 

Orchard  Cover  Crops. 

Investigations  in  orchard  cover  crops  constitute  an  import- 
ant work  of  the  Division.  The  work  during  the  .year  made 
clear  that  hairy  vetch  is  one  of  the  best  leguminous  cover 
crops  to  use  when  first  establishing  the  cover  crop  system. 
This  plant  shows  an  unusual  ability  to  produce  a  large  quan- 
tity of  vegetation  in  one  season.  This  decomposes  rapidly 
and  improves  the  physical  condition  of  the  soil.  If  left  to  de- 
cay on  the  surface,  the  soil  condition  is  improved  and  the  re- 
sult in  general  soil  and  orchard  improvement  is  marked  as 
compared  with  plots  in  which  the  material  is  plowed  under. 
When  the  vetch  has  been  used  for  two  or  three  years  the  or- 
chard can  be  planted  to  alfalfa.    If  an  abundant  water  supply 
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is  available  when  alfalfa  is  planted,  there  will  not  be  a  severe 
contest  between  the  orchard  and  the  crop,  for  plant  food  ma- 
terials, and  very  little,  if  any,  noticeable  cheek  in  the  growth 
of  the  tree  or  the  development  of  the  crop. 

It  has  been  established  that  permitting  the  alfalfa  to  grow 
uncut  through  the  season  and  fall  on  the  ground  to  be  worked 
into  the  surface  soil  in  the  spring  by  disking  and  similar  pro- 
cesses, is  more  beneficial  to  the  orchard  than  permitting  th<2 
material  to  be  eut  and  used  as  hay  or  to  be  cut  and  permitted 
to  fall  upon  the  ground  to  decay.  It  is  possible  to  irrigate  the 
orchard  satisfactorily,  even  though  the  (ground  is  covered 
with  a  heavy  growth  of  alfalfa.  Deeper  and  more  permanent 
ditches  are  required,  but  the  improvement  in  the  orchard  is 
worth  more  than  the  extra  expense. 

The  cooperative  fertilizer  plots  established  in  orchards  in 
the  Wenatehee  district  in  1919,  gave  no  indication  of  benefi- 
cial results  from  any  plots  except  those  that  were  fertilized 
with  nitrogen  bearing  fertilizers.  This  indicates  that  in  those 
orchards  the  nitrogen  in  the  soil  is  a  limiting  factor  in  tree 
growth  and  crop  production  and  that  so  far  as  these  orchards 
are  typical  of  the  district,  the  same  result  might  he  expected 
in  other  orchards. 

BenoTation  of  Prune  Orchards. 

The  work  on  this  project  has  again  emphasized  the  import- 
ance of  nitrogen  as  the  limiting  factor  in  soil  fertility  in  the 
prune  orchards  of  Clarke  county. 

The  investigation  brought  together  abundant  evidence  to 
show  that  heavy  pruning  of  younig  trees  is  not  necessary  to 
their  best  development;  and  that  old,  weak,  and  declinin)> 
trees  often  may  be  stimulated  into  the  production  of  new  amV 
vigorous  wood  by  heavy  pruning  after  the  soil  is  improved 
in  physical  condition  and  fertility. 

Fruit  St<aa^. 

Trials  made  in  storing  apples  grown  in  the  summer  of  19i!) 
gave  results  which  indicated  that  the  fruit  grown  in  the  warm 
valleys  of  the  state,  if  properly  picked  and  handled,  will  keep 
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in  storage  approximately  as  well  as  that  grown  in  the  cooler 
areas.  The  difference  in  the  keeping  quality  of  fruit  from  the 
different  localities  seems  to  be  due  more  to  the  state  of  ripe- 
ness attaind  by  the  fruit  before  harvest  and  the  storage  tem- 
peratures to  which  it  is  subjected  after  harvest  than  to  any 
temperature  to  which  it  has  bfeen  subjected  while  in  the  pro- 
cess of  growth.  The  fruits  used  had  not  been  subjected  to 
temperatures  of  either  extreme  that  were  abnormal  or  would 
tend  to  prevent  perfect  development. 

Seed  Potato  Prodaction. 

The  work  on  this  project  indicates  that  the  appearance  of 
seed  material  at  the  time  of  the  planting  cannot  be  taken  as 
conclusive  evidence  of  what  the  material  may  be  expected  to 
produce  in  the  crop  to  be  grown.  The  value  of  seed  potatoes 
is  greatly  modified  by  the  storage  conditions  through  which 
they  pass  and  only  best  storage  conditions  should  be  used  for 
seed  material. 

It  is  clearly  established  that  in  any  one  variety  there  may 
be  developed  strains  with  widely  different  production  ca- 
pacity. It  is  very  important  that  the  potato  growers  be  able 
to  secure  seed  material  from  the  best  producing  strains. 

Inrestdgations  Needed. 

There  are  many  other  problems  in  this  state  affecting  the 
production  of  horticultural  crops  which  should  be  given  seri- 
ous attention. 

One  of  these  is  grape  growing.  This  crop  does  well  in  some 
sections  of  the  state  but  the  limitations  of  areas  adaptable  to 
this  crop  have  not  been  well  defined  and  lack  of  knowledge 
of  this  subject  has  caused  very  serious  loss  to  the  growers 
in  several  sections. 

Work  should  be  done  in  search  for  a  hardy  apple  root  stoek 
which  could  be  used  as  a  foundation  for  apple  trees  to  prevent 
(he  heavy  annual  loss  as  a  result  of  winter  injury  to  the  root 
system  and  crown  of  the  .apple  tree. 

The  biennial  fruiting  habit  of  several  of  our  best  varieties 
of  apples  is  a  serious  problem  involving  methods  of  pruning. 
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thinning  the  fruit  and  systems  of  culture.  The  losses  in  fruit 
prop  resulting  from  this  habit  of  the  trees  is  serious  and  should 
be  given  immediate  attention. 

Nut  erop  production  is  in  need  of  investigation  to  determine 
the  limits  of  the  districts  adaptable  to  commercial  nut  culture. 
Information  ie  needed  on  variety  adaptation  to  districts  and 
on  the  point  of  self  sterility  and  inter-sterility  of  varieties. 

There  is  need  of  investigational  work  in  methods  of  han- 
dling stone  fruits,  especially  peaches,  with  the  view  of  delay- 
ing the  blossoming  period  in  the  spring. 

Methods  of  management  of  cranberry  bogs  is  also  a  subjet.'t 
of  considerable  importance.  The  cranberries  in  the  northwest 
are  produced  under  methods  entirely  different  from  those  in 
the  older  cranberry  sections  and  these  systems,  while  havinjf 
their  advantages,  also  seem  to  have  some  very  distinct  disad- 
vantages. 

Vegetable  seed  production  in  the  United  States  has  become 
a  matter  of  very  considerable  importance  since  the  World 
"War  and  the  climate  and  soil  of  Washington  have  given  prom- 
ise of  conditions  favorable  to  the  development  of  that  industry. 
Careful  investigation  of  methods  and  practices  involved  are 
seriously  needed. 


DIVISION  OF  PLANT  PATHOLOGY 
F.  D.  Heald  in  Obaxge 

Wheat  Smnt. 

The  study  of  the  relation  of  spore  load  of  individual  grains 
to  the  per  cent  of  smut  in  the  crop  was  continued.  Samplei 
of  spring  wheat  showing  different  varieties  and  varying  quan- 
tities of  smut  were  obtained  direct  from  the  farms  or  v/iait- 
liouses.  Spore  counts  showed  0  to  12,000  per  grain  for  the  dif- 
ferent samples.  The  maximum  per  cent  of  smut  was  5.49,  while 
a  considerable  number  of  plantings  remained  entirely  freo. 
The  results  show  much  less  smut  than  would  have  been  pre- 
dicted on  the  basis  of  tests  from  artificial  infections  for  either 
spring  or  fall  plantings.  Marquis  samples  carried  as  high  as 
642  spores  per  grain  but  only  a  single  sample  produced  smut 
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(1  per  cent)  in  the  field.  Jenkins'  Cliib  and  Hybrid  143 
showed  much  more  need  of  aeed  treatment  than  anf  of  the 
other  yarieties  tested. 

This  year  has  completed  the  third  and  final  tests  of  116 
varieties  of  winter  wheat  for  comparative  resistance  to  smut. 
None  were  smnt  free  but  Turkey  strains  continued  to  show 
the  least  smut.  The  continuation  of  the  testing  of  86  varie- 
ties of  spring  wheat  was  carried  out  in  cooperation  with  the 
Division  of  Farm  Crops.  For  both  winter  and  spring  wheats, 
it  may  be  noted  that  different  strains  of  the  same  variety 
from  different  regions  have  shown  wide  variation  in  the  quan- 
tity of  smut  in  the  crop. 

Weekly  plantings  of  heavily  smutted  seed  from  August  1 
to  November  21  showed  the  maximum  smut  {74.55  per  cent) 
on  October  3.  Weekly  plantings  of  clean  treated  seed  on 
summer  fallow  for  the  same  period  showed  no  smut  until  the 
plantings  of  September  12  (4.5  per  cent)  with  a  maximum  of 
20.64  per  cent  on  September  26.  Five  weekly  plantings  from 
October  24  to  November  21  were  entirely  smut  free. 

In  the  tests  of  different  seed  treatments  for  the  prevention 
of  smut  from  naturally  infected  summer  fallow,  varying  re- 
sults were  obtained.  The  1-1  bluestone  and  the  I-l-l  blue- 
stone  and  salt  formulae  gave  a  clean  crop.  This  was  not  true 
for  the  less  concentrated  solutions  but  formaldehyde  per- 
formed better  than  usual  and  also  produced  a  smut-free  crop. 

Treatment  of  seed,  with  formaldehyde  does  not  increase 
susceptibility  to  smut  if  seed  is  subsequently  smutted.  The 
seed  treatment  work  cai-ried  ont  by  the  Extension  Pathologist 
has  shown  two  important  results.  Seed  injury  with  a  given 
standard  fungicide  varies  with  the  seed  lot,  which  serves  to 
emphasize  the  need  of  preliminary  tests  of  germination  befora 
extensive  seedings  are  undertaken.  Formaldehyde  injury  cai 
be  greatly  reduced  by  the  lime-water  bath  following  treatment, 
usintg  the  same  strength  as  for  protection  from  injury  in  the 
case  of  bluestone  treatments. 

The  Plant  Disease  Survey. 

The  Plant  Disease  Survey  conducted  in  cooperation  with  the 


32  THIHTiBTH  ANNUAL  REPORT 

Plant  Disease  Survey  Office  of  the  U.  S.  Department  of  Agri- 
culture has  shown  a  number  of  troubles  new  to  Washington 
and  the  recurrence  of  several  diseases  that  had  not  been  preva- 
lent for  a  number  of  years.  The  following  new  troubles  may 
be  mentioned : 

Bastard  toad  flax  (Comandra  sp.)  parasitic  on  the  roots  of 
apple  trees;  moldy  core  of  Stayman  Winesaps;  Fusarium  root 
rot  of  corn;  Bhizoctonia  disease  of  the  Dutch  Iris;  an  internal 
necrosis  of  head  lettuce  which  developed  into  a  bacterial  rot 
during  shipment  to  eastern  markets;  potato  streak  and  the 
skin  spot   (Oospora  piistolans) ;  Botrytis  rot  of  strawberries. 

Apple  scab  has  been  severe  in  Eastern  Wasljington  for  the 
first  time  since  1915.  The  California  blight  of  cherries,  which 
had  not  been  troublesome  since  1915,  was  again  severe  in  the 
Clarkston  section;  the  Sclerotinia  wilt  of  sunflowers  (Sclero- 
tinia  perplcxa)  has  been  very  prevalent  in  the  Coast  Country; 
potato  mosaic  and  {general  degeneration  of  seed  stock  have 
been  more  in  evidence  than  during  the  past  few  years. 

Special  work  has  been  done  on  two  of  the  new  troubles: 
skin  spot  of  the  potato  and  moldy  core  of  Stayman  Winesap 
apples.  The  skin  spot  has  been  studied  in  the  laboratory  and 
field  tests  are  in  progress.  The  work  on  Moldy  Core  of  Stay- 
man  Winesaps  has  shown  that  a  considerable  number  of  dif- 
ferent fungi  may  be  found  in  the  core  cavity  but  that  only  two 
of  the  forms,  Penicilliura  and  Altemaria  species,  are  capable  of 
causing  a  rot  which  advances  outward  into  the  pulp.  The 
presence  'of  mold  in  the  core  of  a  Stayman  Winesap  is  no  sure 
indicator  of  its  keeping  (jnalities. 

Needs  of  the  Division  of  Plant  Pathology. 

Numerous  requesis  for  investigational  work  that  cannot  be 
undertaken  by  reason  of  the  limited  time  of  the  staff  and  the 
limited  means  available  come  to  the  Division  each  year.  Espe- 
cially urgent  requests  for  a  careful  investigation  of  the  collar 
rot  in  fruit  trees  have  come  this  year  as  this  disease  is  causing 
great  injury  in  irrigated  orchards  of  this  state.  It  is  hoped 
that  during  the  coming  biennium  both  additional  help  an<l 
funds  will  be  available  so  that  this  problem  may  be  studied. 
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DIVISION  OF  SOILS 

F.  J.  Sierers  in  Charge 
Soil  Fertility  Work  in  Western  Washington. 

The  work  with  fertilizer  plots  was  continued  in  several 
counties.  Results  indicate  conclusively  that  most  acid  soils 
are  deficient  in  phosphorus,  and  that  an  application  of  lime 
alone  generally  gives  poor  results  ualess  it  is  supplemented 
with  a  phosphate  fertilizer.  Indications  are  that  much  of  the 
difficulty  experienced  in  the  growing  of  clover  is  due  more 
largely  to  the  deficiency  in  phosphorus  than  to  the  acidity  of 
the  soil. 

Crop  notation  Wm-k. 

The  rapid  exhaustion  of  the  organic  matter  and  nitrogen  in 
the  soils  of  the  Palouse,  as  a  result  of  a  summer  fallow  system 
calls  for  some  provision  whereby  the  organic  matter  and  nitro- 
gen may  be  maintained.  Forty-eight  plots  on  the  rotation 
field  on  the  College  Farm  are  used  to  determine  which  legume 
can  be  fitted  into  a  system  of  rotation  most  satisfactorily.  The 
general  plan  is  to  substitute  a  legume  for  summer  fallow.  Le- 
gumes showing  considerable  promise  are :  alfalfa,  sweet  clover, 
red  clover,  mammoth  clover,  peas  and  vetch.  A  satisfactory 
nurse  crop  for  these  legumes  is  a  matter  of  great  importance. 
Barley,  oats,  wheat  and  peas  were  used  as  nurse  crops  with 
alfalfa,  sweet  clover,  medium  red  clover  and  mammoth  clover. 
On  the  basis  of  one  hundred  per  cent  stand  for  summer  fallow, 
the  following  results  were  obtained: 

Sweet     Medium  Red    Mammotb  Red 


Nursa  Crop 

Alfalfa 

Clover 

Clover 

Clover 

%  Stand 

%  Stand 

%  Stand 

%  Stand 

Peas 

. ...      80 

70 

30 

20 

Barley   ...     . 

.  ...      40 

40 

10 

0 

Oats 

30 

30 

0 

0 

Wheat 

.  .  ..       30 

20 

0 

0 

The  climatic  conditions  during  this  season  were  decidedly 
unfavorable  for  the  establishment  of  any  of  these  legume  crops. 
Xevertheless,  the  data  indicate  that  peas  can  be  used  to  good 
advantage  as  a  nurse  crop  for  alfalfa  and  sweet  clover. 
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TiUagfe. 

The  results  from  tillage  work  at  both  Pullman  and  Lind 
were  consistent  with  results  reported  last  year.  The  amount 
of  stooling  of  wheat  was  found  to  be  directly  affected  by  ami 
proportimial  to  the  nitrate  content  of  the  soil  at  seeding  time. 
The  number  of  spikes  of  wheat  produced  per  acre,  within 
reasonable  limits,  is  independent  of  the  rate  of  seeding,  but 
directly  dependent  on  the  nitrate  content  of  the  soil  at  seeding 
time. 

Orchard  Soil  Isvestlgatioiu. 

The  results  obtained  from  several  soil  examinations  estab- 
lished the  fact  that  in  all  irrigated  tracts  there  must  be  suffi- 
cient water  available  not  only  to  supply  the  quantity  neces- 
sary for  bearing  trees  but  also  to  provide  for  the  growing 
of  a  legume  between  the  trees.  The  virgm  nitrogen  supply  in 
ir^ated  orchard  tracts  is  exceedingly  low  and  successful  yields 
demand  that  this  supply  not  only  be  maintained  bat  actually 
increased. 

Ocmtrol  Work  in  Jars. 

Work  is  under  way  to  determine  the  mioimum,  ma:iimum  and 
optimum  moisture  supply  in  soils  for  nitrification.  That  there 
is  a  point  in  the  moisture  supply  in  the  soil  where  the  nitrifica- 
tion process  is  definitely  affected  is  very  evident  and  since 
summer  fallowing  is  practiced  largely  to  promote  nitrification 
the  results  of  this  investigation  have  an  important  bearing  on 
this  practice.  The  effect  of  variations  in  the  nitrogen  content 
of  crop  residues  on  their  rate  of  deeotoposition  when  returned 
to  the  soil  is  being  determined.  The  results  of  this  work  should 
have  a  definite  value  in  controlling  the  available  nitrogen  sup- 
ply in  the  soil  and  thus  eliminate  in  part,  at  least,  the  unsatis- 
factory yields  caused  by  poor  stands  and  burning. 

Miacellaneoiu  Work — Soils. 

About  450  soil  samples  sent  in  by  farmers  were  tested  and 
reports  made;  25  samples  of  marl  and  limestone  were  analyzed 
and  92  samples  of  soil  tested  for  alkali.  Several  soil  surveys 
were  made  on  proposed  irrigation  and  drainage  projecta, 

nCIOQ  Ic 
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Additional  Invesldgatioii  Needed. 

The  work  of  all  projects  at  preent  under  way  is  iDComplete 
in  that  it  lacks  in  much  detailed  information  necessary  to  fit 
the  definite  facts  established  into  farm  management  practice. 
The  stations  at  Pullman,  Lind,  Waterville  and  Prosser  offer 
splendid  opportunities  to  gain  this  information  on  definite  soil 
types  under  different  climatic  conditions.  Much  information 
is  still  lackinig  on  the  following  points  which  have  a  direct 
bearing  on  the  permanency  of  agriculture ;  the  part  played  by 
free  nitrogen  fixation ;  the  possibilities  of  nitrogen  fixation  by 
legumes;  the  best  use  of  barnyard  manure  and  crop  residues; 
the  results  of  various  rotation  systems  and  the  classification  of 
soils  from  the  standpoint  of  plant  food  requirements. 

Soil  surveys  in  co-operation  with  the  U.  S.  Department  of 
Agriculture  should  be  made  of  the  more  important  agricultural 
areas  of  the  state.  Many  other  problems,  such  as  the  beat  use 
of  irrigation  water  for  various  crops,  development  and  manage- 
ment of  march  soils,  the  improvement  of  soils  on  cut-over  lands, 
the  use  of  lime  in  Western  Washington  and  land  drainage  in 
the  Palouse,  in  irrigated  Washington  and  Western  Wash- 
ington merit  early  attention. 


DIVISION  OF  VETEBINABT  SCIENCE 
J.  W.  Kalkiu,  in  Charge 
Ooitre  and  Ajuociated  Conditions  in  Domestic  Animals. 

Co-operative  field  experiments  with  live  stock  owners  in 
goitrous  districts,  which  were  started  a  year  ago,  have  been 
continued  during  the  season  1919-20. 

■  Reports  thus  far  received'  further  demonstrate  that  the  ad- 
ministration of  iodine  to  all  species  of  domestic  animals  during 
pregnancy  can  be  depended  upon  to  prevent  goitre  and  hair- 
lessness  in  the  newborn.  Our  data  on  the  use  of  iodine  in  the 
prevention  of  this  malady  are  sufficient  to  warrant  discontinu- 
ance of  this  work. 

Popular  Bulletin  No.  117,  entitled  "The  Prevention  of 
Goitre  (Big  Neck)  and  Hairlessness  of  Newborn  Domestic  Ani- 
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mals,"  waa  published  in  October,  1919.  A  technical  bulletJa 
fully  illustrated  and  dealing  in  detail  with  a  description  of 
the  disease  and  the  results  of  experimental  work  is  just  off 
the  press. 

Orchard  Horse  Disease. 

This  disease,  which  is  causing  serious  loss  among  horses  in 
the  irrigated  orchard  districts  of  Washington,  has  been  given 
considerable  attention  during  the  year.  The  condition  has 
been  studied  in  the  field  clinically,  a  number  of  autopsies  hav-i 
been  performed  and  several  experiments  conducted  at  the  ex- 
periment station  at  Pullman. 

It  is  the  general  belief  that  orchard  horse  disease  is  due  to 
arsenate  of  lead  poisoning.  Thus  far  in  the  experimental 
work,  three  horses  have  died  after  being  fed  arsenate  of  lead 
in  varying  quantities  daily.  From  the  symptoms  and  post 
mortem  lesions  found  in  these  animals,  it  is  not  possible  to 
state  definitely  that  arsenate  of  lead  spray  is  responsible  for 
orchard  horse  disease.  This  work  is  being  continued  and 
further  feeding  experiments  will  be  condncted  with  orchard 
grown  hay.  One  normal  horse  has  also  been  inoculated  with 
blood  serum  taken  from  a  typical  case  of  orchard  horse  dis- 
ease.   The  results  were  negative. 

Red  Water  (Cystic  Haematuria)  in  Cattle. 

The  study  of  this  disease,  which  was  discontinued  in  1913, 
was  again  resumed  in  June,  1920.  Since  then  the  Veterinarian 
has  visited  Thurston,  King,  Kitsap,  Island,  Snohomish  and 
"Whatcom  Counties  and  started  co-operative  experiments  in 
the  treatment  of  this  trouble.  At  the  present  time  there  are 
forty-five  cows  under  treatment.  Arrangements  have  been 
made  to  keep  in  touch  with  the  progress  of  the  work  through' 
C'cfunty  Agents  in  the  various  counties. 


ADAMS  BRANCH  EXPERIMENT  STATION 

M.  A.  McOall  in  Charge 

Most  of  the  fundamental  studies  of  dry  farming  have  cen- 
tered on  moisture  conservation.    This  is  essential,  but  the  time 
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is  coming  when  additional  knowledge  looking  to  the  develop- 
ment of  a  permanent  system  of  dry  farming  agriculture  must 
be  secured  or  much  land  that  is  now  profitably  farmed  will 
be  lost  to  production.  Studies  must  be  broadened  to  include 
more  than  simple  moisture  relationships. 

Tillage  is  important  because  of  its  influence  on  the  absorp- 
tion and  retention  of  moisture,  yet  the  effects  on  the  avail- 
ability of  plant  food,  and  the  consequent  efficiency  of  moist- 
ure usage  are  almost  as  important.  This  is  especially  true  now 
that  dry  farm  soils  are  beginning  to  show  a  depletion  in  their 
virgin  fertility. 

The  following  table  gives  limited  data  from  the  summer  fal- 
low tillage  experiments  of  the  Adams  Station,  indicating  how 
variation  in  date  of  plowing  affected  moisture,  available  nitro- 
gen, yield  and  quality  of  the  crop  in  the  year  1919 : 


Yield 

per    Acre 

Date  ot 

Water,  in 

Nitrates,  In 

Grain 

Straw 

Weight 

Plowing 

tons,  acre 

lba.,acre 

busbelB 

pounds 

per  bushel 

March    1    . 

660.4 

246.4 

12.3 

730 

ss.o 

April    10    . 

655.4 

200.2 

12.5 

650 

B8,2 

June    1     .  . 

.       636.0 

161.6 

11.6 

590 

58.9 

These  data  indicate  that  while  there  is  a  slight  moisture  ad- 
vantage in  favor  of  the  early  plowing,  the  greatest  difference 
is  in  the  effect  on  available  nitrogen.  Grain  yields  are  not 
materially  affected  by  this  difference,  but  straw  yields  greatly 
favor  the  early  work  and  in  a  season  of  more  abimdant  rain- 
fall than  1919,  grain  yields  also  undoubtedly  would  have  been 
increased.  Tbe  result  does  indicate  a  more  efficient  use  of 
the  moisture  supply  in  the  case  of  the  more  liberal  plant  food 


It  might  be  objected  that  such  production  is  poor  economy, 
resulting  in  an  increase  of  cheap  straw  without  a  correspond- 
ing increase  in  the  quantity  of  the  more  valuable  grain.  If 
no  use  is  to  be  made  of  the  straw,  as  has  largely  been  the  case 
in  tbe  past,  such  a  contention  is  correct.  This  has  been  one  of 
the  great  weaknesses  of  dry  farming  methods.  Through  de- 
pletion of  soil  organic;  matter,  numerous  and  serious  problems 
are  arising,  and  something  must  be  done  toward  their  solution. 
Other  studies  at  the  Adams  Station  indicate  that  the  use  of 
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straw  and  barnyard  mamire,  properly  handled,  will  go  a  long 
way  toward  the  correction  of  such  difficulties, 

Adaptational  and  other  experiments  on  the  Adams  Station 
are  being  carried  as  heretofore.  Results  from  cereal  variety 
tests  are  similar  to  those  reported  previously.  Early  Baart, 
"Washington  618,  still  being  the  leading  spring  wheat  variety 
and  Turkey  Red,  Washington  326,  the  leading  winter  wheat 
variety. 


THE  WATERVILLE  BRANCH  STATION 
C.  E.  Hill,  in  Oharge 

The  investigations  on  the  Waterville  Branch  Station  are 
conducted  in  co-operation  with  the  Office  of  Forage  Crop  In- 
vestigations of  the  U.  S.  Department  of  Ajgriculture. 

The  Station  Farm  consists  of  215  acres  and  is  divided  into 
two  tracts  of  55  and  160  acres,  respectively.  These  farms  are 
one-half  mile  apart.  The  smaller  tract  adjoins  the  County 
Fair  Grounds  and  the  city  limits  of  Waterville.  All  land  Is 
leased.  There  is  a  good  building  on  the  55-acre  farm  which  is 
used  for  general  storage  of  supplies,  seeds  and  machinery.  Oa 
the  large  farm  there  is  an  old  house  and  log  bam.  Both  build- 
ings are  in  very  poor  condition.  The  Station  owns  four  good 
horses  and  is  well  equipped  with  farm  machinery. 

This  Branch  Station  is  located  in  an  area  where  the  condi- 
tions are  about  intermediate  between  the  conditions  at  the 
Adams  Branch  and  the  Pullman  stations.  Wheat  is  grown 
almost  exclusively,  alternating  with  summer  fallow.  The  an- 
nual precipitation  at  Waterville  for  a  30-year  period  is  about 
12.5  inches.  As  this  section  will  probably  never  be  able  to 
turn  to  irrigation  to  solve  the  problem  of  buUding  up  s  soil 
that  may  become  unproductive  from  continuous  cropping  to 
grain,  the  determination  of  profitable  methods  of  drj-  farming 
that  will  maintain  or  increase  the  productivity  of  the  soils,  has 
been  given  special  emphasis  in  planning  the  work  of  this 
station. 

To  meet  the  immediate  needs  of  this  section,  an  attempt  is 
being  made  to  determine  the  best  varieties  of  grains  and  to 
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distribute  pore  eeed  of  these  varieties  among  the  farmers. 
About  50  grain  varieties  that  have  shown  promiee  in  other  dry 
l^nd  sections  are  being  tested.  As  there  is  no  general  agree- 
ment among  farmers  as  to  the  most  profitable  systems  of  han- 
dling the  summer  fallow  in  any  section  of  the  comity,  all  the 
methods  in  vogue  in  this  area  are  being  tried  on  the  station  foi 
the  production  of  winter  and  spring  grains. 

Because  of  varying  climatic  conditions  from  year  to  year, 
these  investigations  should  be  conducted  for  a  series  of  years 
before  any  definite  conclusions  are  drawn.  Tfae  past  season 
has  been  the  driest  on  record  for  this  section. 


WASHINOTOK    ntBIQATION     EXPE&IHZNT    STATION 
£.  P.  Bean  in  Charge 

Development  by  the  Washington  Irrigation  Branch  Station 
of  200  acres  of  sage  brush  land  was  begun  on  May  1,  1919. 
Irrigation  water  was  delivered  for  the  first  crop,  37  acres  of 
wheat,  on  May  24.  As  rapidly  as  the  land  was  prepared  and 
the  irrigation  system  installed,  16  acres  were  planted  to  pota- 
toes, 15  to  com  and  10  to  millet.  Clearing  the  land  of  sage 
brush,  leveling  and  fluming  for  irrigation  was  continued 
throughont  the  summer.  Bt^nning  early  in  August,  38  acres 
of  wheat  stubble  and  new  land  were  seeded  to  alfalfa,  50  acres 
were  seeded  to  alfalfa  and  wheat  and  10  to  alfalfa  and  rye. 
Sweet  clover  was  seeded  in  nine  acres  of  com,  and  rye  on  10 
acres  following  potatoes.  A  total  of  78  acres  were  thus  put 
in  spring  and  summer  crops.  The  fall  seeding  brought  the 
total  acreage  cropped  or  in  crop  to  138.  With  the  co-opera- 
tion of  the  U.  S.  Reclamation  Service,  irrigation  water  was 
available  mitil  all  the  land  in  crop  had  been  thoroughly  irri- 
gated on  October  18. 

The  season  of  1920  opfened  for  farm  work  on  January  20., 
The  fall  seeded  crops  were  in  excellent  condition,  with  the 
exception  of  some  September  wind  damage  to  alfalfa,  30  per 
cent  winter  killing  of  10  acres  of  Bluestem  wheat  and  some 
of  the  winter  grain  variety  plots. 

r:,t,:Ki.v.  Google 
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Between  January  20  and  April  1,  38  acres  of  new  land  were 
plowed  and  24  acres  were  spring-toothed.  Twenty-four  acres 
were  prepared  for  irrigation  and  seeded  to  rye.  Seven  acres 
of  1919  wheat  stubble  were  seeded  to  rye.  The  deliveries,  flumes 
and  head  ditches  were  put  in  order.  The  heavy  snow  of  the  pre- 
ceding winter  had  filled  the  soil  with  plenty  of  moisture  and 
plans  were  made  to  put  the  total  remaininig  uncropped  aren 
of  56  acres  in  crop  this  season. 

On  April  1st,  the  unusually  heavy  wind  which  had  been 
blowing  almost  constantly  for  20  days  ripened  into  a  severe 
two-day  wind  storm.  During  these  two  days  from  one  to 
four  inches  of  soil  were  removed  from  the  light  soil  area  of 
the  farm  and  the  erosion  and  the  cutting  action  of  drifting 
sand  had  materially  damaged  the  crops  on  the  heavier  soil 
area. 

A  careful  survey  on  April  6  established  the  following  facta: 
Twenty-six  acres  of  winter  wheat,  including  the  winter  grain 
variety  plots,  had  been  blown  out;  24  acres  of  winter  wheat 
were  damaged  from  25  to  65  per  cent;  10  acres  of  winter  rye 
had  suffered  by  30  per  cent;  the  alfalfa  in  60  acres  of  winter 
grain  was  damaged  90  per  cent ;  20  acres  of  alf^fa  seeded  in 
wheat  stubble  was  injured  75  per  cent;  24  acres  of  spring 
seeded  rye  would  be  a  75  per  cent  stand,  and  the  nine  acres 
of  sweet  clover  would  be  a  patchy  stand.  The  soil  moisture 
was  so  depleted  that  the  remaining  crops  demanded  immedi- 
ate and  thorough  irrigation.  Irrigation  would  also  be  neces- 
sary to  germinate  new  seeding  and  irrigation  before  seeding 
seemed  a  desirable  check  to  further  damage  by  wind. 

Chiefly  because  of  the  immediate  irrigation  requirement  of 
the  fields  in  crop,  plus  the  unexpected  task  of  reseeding  the 
wind  damaged  fields  and  the  extra  water  requirement  of  thesi? 
fields  by  virtue  of  reseeding,  the  seeding  program  for  the  re- 
maining new  land  was  at  first  postponed  and  finally  aband- 
oned until  fall.  In  addition  to  these  two  developments  and 
crop  limiting  factors,  i.e..  wind  storm  and  decreased  acreage 
in  crop,  the  insufficient  supply  of  irri|gatioa  water  during  the 
growing  season  and  a  break  in  the  canal  which  shut  off  all 
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water  for  a  week  in  July,  were  additional  obstacles  to  the 
program  of  production. 

To  provide  a  dependable  source  for  both  domestic  and  stock 
water,  a  160-foot  well  was  drilled  this  season  and  supplied 
with  pumping,  storage  and  distributing  equipment.  A 
quarter-mile  of  jack  rabbit  proof  fence  was  built  which,  con- 
necting with  like  fences  to  the  west  and  to  the  east  and  north, 
effectively  protected  this  season's  crops  against  these  numer- 
ous pests.  Twenty-five  acres  of  pasture  were  fenced  and  cross 
fenced.  One-eighth  mile  of  fence  was  built  on  the  north  side 
which  connects  with  existing  fences  to  complete  the  north  line- 
A  wooden-hoop  single-wall  silo  was  built  with  farm  labor  for 
this  year's  silage  crop. 

The  potato  experimental  work,  under  the  direction  of  the 
Division  of  Horticulture  of  the  Experiment  Station,  begun  in 
1919,  was  continued  this  season  and  will  receive  increased  at- 
tention as  the  station  develops.  Beginning  with  1921,  fertil- 
ized land  and  fields  on  which  legumes  have  been  grown  will 
be  available  for  this  work. 

The  small  grain  and  forage  crop  experimental  work,  under 
the  direction  of  the  Department  of  Farm  Crops  of  the  Experi- 
ment Station,  and  in  co-operation  with  the  Office  of  Forage 
Crops  of  the  U.  S.  Department  of  Agriculture,  which  was  be- 
gun with  alfalfa  and  winter  grain  variety  tests  in  1919,  .was 
increased  this  season  and  will  be  on  a  definitely  helpful  scale 
next  year.  Six  varieties  of  alfalfa  were  seeded  this  spring,  as 
were  also  varieties  of  spring  wheat,  barley  and  oats.  Five 
varieties  of  soy  beans  and  two  of  cow  peas  made  good  crops 
for  the  soil  on  which  they  were  grown  and  the  seed  secured 
vrill  be  used  for  continued  planting. 

The  Mammoth  Russian  sunflowers  grown  for  silage  this  year 
made  better  growth  on  the  new  land  than  corn,  and  seed  was 
selected  for  future  planting. 

Winter  wheat  and  rye,  where  the  stands  were  at  all  com- 
parable, yielded  better  than  spring  wheat  and  rye  and  re- 
quired less  irrigation  this  season.  The  problem  of  a  second 
crop  following  small  grain,  particularly  winter  grain  because 
it  is  harvested  so  early  in  the  season,  on  new  land  which  often 
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hecomea  overgrown  with  Russian  thistles,  when  not  in  crop, 
merits  attention,  both  for  weed  control  and  for  maximum  pro- 
duction. 

Field  peas,  seeded  alone  and  with  wheat,  made  a  good 
growth  and  a  fair  seed  crop.  A  second  pea  crop,  secured  by 
harrowing  in  the  shattered  seed  and  irrigating  immediately, 
made  a  twelve-inch  [growth,  with  many  plants  in  blossom  be- 
fore frost  on  October  2.  It  is  possible  that  by  very  early  plant- 
ing, two  crops  of  pea  hay  could  be  secured  in  oue  year. 

As  rapidly  as  the  development  of  the  land  permits,  definite 
areas  will  be  set  aside  for  experimental  work  in  the  use  of 
water,  in  soil  roanagement,  in  varietal  work  with  forage,  grain 
and  seed  crops  and  for  horticultural  investigations.  Pasture 
studies  and  feeding  trials  in  the  utilization  of  home-grown 
feeds  will  be  emphasized. 


THE  OFFICE  OF  FARM  BUBEETS 

Joseph  FaKBonean,  in  Charge 

The  Office  of  Farm  Markets  was  created  by  an  act  of  the 
State  Legislature  during  the  session  of  1917.  In  carrying  on 
its  work,  the  Office  attempts  to  co-operate  flilly  with  the  Ex- 
tension Department  of  the  College,  especially  the  County  Agent 
staff,  the  State  Department  of  Agriculture,  and  the  Bureau  of 
Markets  of  the  U.  S.  Department  of  Agriculture.  The  Federal 
Bureau  of  Markets  co-operates  not  only  in  the  work  done,  but 
pays  a  part  of  the  salary  of  the  Director  of  Markets. 

The  activities  of  the  Office  as  provided  by  law  and  carried . 
out  by  the  Director  of  Markets  fall  under  four  general  heads: 
(1)  assistance  in  co-operative  organization;  (2)  research  in 
marketing;  (3)  market  news  service,  and  (4)  general  exten- 
sion work  in  marketing. 

Oo-operatiTe  Organization. 

During  the  first  two  years  of  the  existence  of  the  Office  of 
Markets,  twelve  co-operative  associations  were  formed.  Ten 
such  associations  have  been  formed  in  the  past  eighteen. months 
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with  the  assistance  and  guidance  of  the  Office.    They  are  as 
follows ; 

'  The  San  de  Fuca  Co-operative  Dock  Association,  San  de 
Fuca. 

Grays  Harbor  County  Dairy  Asociation,  Montesaao. 

Fierce  County  Milk  Producers  Association,  Tacoma. 

Kitsap  County  Dairymen's  Association,  Silverdale. 

Yakima  Valley  Potato  Growers'  Association,  Toppenish. 

Toledo  Co-operative  Cheese  Factory,  Toledo. 

Newport  Creamery  Association,  Newport, 

The  Pacific  Cranberry  Exchange,  Uwaco. 

The  Gig  Harbor  Co-operative  Association,  Gig  Harbor. 

Inland  Empire  Dairy  Producers  Association. 

In  addition  considerable  assistance  has  been  igiven  in  the  or- 
ganization of  the  Washington  "Wheat  Growers  Association, 
Altogether  representatives  of  the  Office  during  the  past  eigh- 
teen months  have  spoken  before  121  meetings  and  attended 
382  conferences  having  to  do  with  subjects  of  marketing.  No 
record  was  kept  the  first  six  months  of  this  biennium  of  the 
number  of  persons  attending  these  meetings.  Including  all  of 
the  meetings  held  during  the  past  year,  4065  farmers  have 
been  addressed  by  representatives  of  the  Office  on  the  subject 
of  co-operation  in  marketing. 

Kesearch  in  Harketdng. 

During  the  first  six  toonths  of  the  present  biennium,  the 
Office  was  without  a  research  man.  Consequently  active  re- 
search in  marketing  has  been  carried  on  only  during  the  past 
year.  An  intensive  study  of  the  marketing  of  milk  through 
condenseries  has  been  in  progress  since  last  November  and  tlie 
results  of  this  work  will  be  ready  for  publication  in  Novecher. 
Last  July  work  was  commenced  upon  an  investigation  of  the 
city  marketing  of  milk  in  Seattle.  It  is  expected  that  the  re- 
sults of  this  study  will  be  ready  for  the  press  about  January, 

Market  News  Service. 

The  Office  has  a  monthly  publication,  the  "Monthly  Market 
Exchange,"  which    in    addition    to    items    of    local    market 
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news  carries  lists  of  various  farm  products  for  sale  by  farm- 
ers of  the  state.  This  publication  is  distributed  to  about  15,000 
addresses. 

A  directory  of  breeders  of  pure  bred  live  stock  in  the  State 
of  Washington,  including  breeders  of  cattle,  horses,  sheep  and 
swine,  has  been  prepared.  The  directory  includes  eight  full  page 
charts  showing  the  distribution  of  the  various  breeds  of  pnre 
bred  stock  in  the  state.  In  addition,  photographic  representa- 
tions of  various  pure  bred  animals  are  shown.  Tables  show- 
ing the  number  of  pure  bred  animals  in  each  county  as  well  as 
the  number  for  sale  by  counties  are  included. 
General  Extension  Work. 

Representatives  of  the  Office  are  occasionally  called  upon 
for  addresses  upon  various  marketing  subjects  at  general 
meetings  of  farmers.  Duricig  the  past  two  years  many 
such  addresses  have  been  made. 


PUBLICATIONS 

The  following  publications  were  prepared  by  members  of 
the  Experiment  Station  Staff  and  published  during  the  year : 
General  Bulletins. 

155     Twenty-ninth  Annual  Report. 
Popular  Bnlletiiia. 

117  The  Prevention  of  Goitre  {Big  Neck)  and  Hairlessuees 
of  Newborn  Domestic  Animals,  by  J.  W.  Kalkus. 

118  The  Cost  of  a  Squirrel  and  Squirrel  Control,  by  W.  T. 
Shaw. 

119  Head  Smut  of  Com  and  Sorghum,  by  B.  F.  Dana  and 
Geo.  L.  Znndel. 

120  Prune   Growing   in   Western   Washington,   by   O.    M. 
Morris. 

Bnlletina. 

61     The  Woolly  Aphid  of  the  Apple,  by  A.  L.  Melander. 

64    Apple  Anthracnose  or  Black  Spot  Canker,  by  P.  D, 
Heald. 
Entomology  Circnlar. 

20    The  Orchard  Leaf  Roller. 

|.:,t,:,:kv,  Google 
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FINAHCUX  STATEMENT 
WASHINOTON  AORICUI/rUBAL  EXPERIMENT  STATION 

In  Mccomt  wltli 
THE    UNITED    STATES   APPBOE^IATIONS,    101»-19ao 

Dr.  Hatch  Adami 

Recetttts  from  the  Treaanrer  of  the  United 
States.  «B  per  appropriBtlons  for  fiscal 
Tear  euand  June  30,  1920,  under  acta  of 
Congresa  approved  March  2,  1887  {Hatch 
Fund),  and  March  16,  1906  (Adams 
Fund)    115,000.00      |1B,000 

Cr.  Abstract 

Salarlea 1      |   9,486.67     f  11,606. 

Labor 2  3,363.08          1,870. 

Pabllcatlona 3  , . . . 

Postage  and  stationery   i  32.10                18 

Freight  and   ezpress    6  6.32            . . .  . 

Heat,  light,  water  and  power 6  12.16            . . .  . 

Chemicals  and  laboratory  supplies  ....    7  7.44             311. 

Seeds,  plants,  and  sundry  supplies....    8  S26.36             340. 

Fertilisers 9  106.49  

Feeding  stuffs    10  13.40             .  . .  . 

Library    11  

Tools,  machinery  and  appliances 12  166.47 

Furniture  and  fixtures    13  326.16 

Scientific   apparatus   and   specimens.  .  .14  2,60 

Live  atock 16  

TraTellng  expenses 16  966.62 

Contingent  expenses IT  

Building  and  land    18  7.60 


2.70 
69.60 
ST9.62 


Total   $16,000.00      116,000.00 
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FINANCIAIi  STATEMENT 

State  Funds  Expended   on   Main   8t«tlcm   and   All   Branch   StMtloiia 


April  1,  1010,  to  March  81,  lOao 

State 

Dr.                    Appropriations  Sales  Total 

To  balance  on  hand |   1,056.38  |   1,066.36 

Receipts    trom    other    sources 
than  the  U.  8.  (or  the  year 

ended $70,245.94  20.416.06  90,667.00 

Total (70.243.94  |21.469.42  (91,713.36 

Cr. 

BalaHea (14.501.16  (1.170.00  (16,671.15 

Labor 16.964.85  4.598.24  20,562.89 

Publications 67.46  635.40  702.87 

Postage  and  atationery    681.22  834.33  1, 616.66 

Freight  and  express    718.35  169.95  878.30 

Heat,  light,  water,  power 1,2S8.04  16.00  1,254.04 

Chemicals  and   laboratory  sup- 
plies            850.01  627.13  877.14 

Seeds,  plants,  sundry  supplies.      5.260.97  1.418.S4  B.643.81 

Fertilizers 2,119.32  33.86  2.163.18 

Feeding  stuffs    2,348.74  993.40  3,342.14 

Library    172.76  71.6*  244.39 

Tools,  machinery  ft  appliances     3,723.34  621.09  4,344.43 

Furniture  and  fixtures 1.612.74  141.00  1.863.74 

Sclent  if  fc  apparatus  and  speci- 
mens           610.67  81.33  692.00 

Live  stock 6,686.00  2,649.00  8.234.00 

Traveling  expenses 1.847.71  391.04  2.238.76 

Buildings  and  land    13,471.81  *  940.36  14.412.17 

Balance 6.192.81  6,192.81 

Total   (70,243.94  (21.469.42  (91,713.36 
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FDIANOIAIi  STATBBIENT 

WeetMU  WMhlnstoB  Station* 
ApiU  1,  1919,  to  March  81,  lOao 

State 
Dr.  Appropriations         Sales  Total 

To  balance  on  Hand I  4.7S0.91  f     4,780.91 

Receipts $116,332.21       22,630.16  138,962.36 


$116,332.21     $27,411.08     1143,743.27 


tele- 


Cr. 
Salaries    

Fnblicatlons 

Postage,      stationery, 
phone  &  telegraph 

Freight  and  express 

Heat,  lieht,  water  ft  power. 

Chemical  supplies   

Seeds,  plants  &  sundry  sup- 
Fertilisers   

Feeding  etntfs    

Tools,    machinery    ft    appU- 

Pamiture  ft  fixtures 

Scientific  apparatus  &  speci- 
mens   

Live   stock    

Traveling  expense   

Contingent  expenses   

Buildings  ft  land    

Balance 


13,376.94 
12,393.31 
4,966.31 

848.35 
202.60 
846.40 
134.74 


I  21.910.79 
18,731.82 
4,966.31 

848.35 
202.60 
845.40 
134.74 

1,459.94 

106.69 

8,649.30 

39.56 


$116,332.21      $27,411.06     $143,743.27 
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CULTURAL  EXPERIMENTS  WITH  WHEAT* 

By 

E.  CI  Schater,    E.  F.  G&lnes   tuid   O.  E.  Bai-bee 

The  cultural  experiments  with  wheat  were  started  In  1899  on 
field  Biz.  ThlB  field  which  Is  also  knows  as  the  SpUlman  Field  com- 
talns  28  plots  and  Is  divided  Into  two  groups,  the  A  series  on  the 
north,  and  the  B  series  on  the  south.  There  is  a  roadway  around 
the  field  and  between  the  two  series.  The  plots  are  separated  b; 
alleye  (Ive  and  two-thirds  feet  wide,  and  are  20  hy  6S  feet,  or  one- 
thlrty-thlrd  of  an  acre  In  size.  The  plots  are  numbered  consecutively 
from  east  to  west.  The  field  occupies  the  lower  portion  of  a  south 
slope  and  the  soil  is  a  typical  Palouse  silt  loam.  Figure  1  shows  the 
location  and  contour  of  the  plots. 

It  will  be  seen  from  the  various  tables  pertaining  to  the  cultural 
experiments  that  certain  of  the  records,  especially  during  the  earlier 
years,  have  not  been  included.  In  190S  the  wheat  contained  so 
much  smut  that  It  was  all  cut  for  hay.  In  1913  the  winter  wheat 
again  contained  a  large  amount  of  smut  and  was  not  harvested  for 
grain.  Other  records  have  been  omitted  because  of  irregularities 
In  cropping. 

The  general  plan  of  the  cultural  experiments  with  wheat  is  some- 
what restricted  in  character  yet  the  records  obtained  supply  valuable 
iDformatlon  concerning  certain  questions  relating  to  tillage  and  crop 
rotation.  It  Is  not  expected  that  the  results  given  will  be  equally  ap- 
pll'iable  under  varying  conditions,  ot  soil  and  climate.  They  shoula, 
however,  be  of  general  value  In  pointing  out  auperiot  mi^thods  over  a 
coDsiderabUi  portion  of  the  area  of  the  state  devoted  to  wheat  and  of 
special  value  to  conditions  similar  to  those  ot  Pullman,  Wasblpgton. 

'The  experiments  reported  in  this  bulletin  were  planned  before 
p'any  of  the  present  tillage  and  rotation  problems  were  apparent. 
The  conclusions  reached,  therefore,  deal  only  with  a  few  of  the  im- 
portant tillage  problems. 

The  experiments  were  planned  and  started  by  W.  J.  SpUlman  and 
for  a  number  of  years  the  work  was  carried  on  by  E.  E.  Billot  and 
George  Severance. 
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FLAN  OF  THE  EXPERIMENTS 


The  field  contains  ilz  separate  experiments.     Tbe  cropplnf  prac- 
tices ot  the  dlDerent  plotB  are  given  below: 

I.    Application  ot  Manure. 

A  1,  ten  tons  of  manure  per  acre  plowed  under  each  fall,  winter 

wiieat  annually. 
A  2,  ten  tons  ol  manure  per  acre  plowed  under  In  the  spring  of 

fallow  rear,  winter  wheat  even  rears. 
A  3.  ten  tons  ot  manure  per  acre  plowed  under  each  spring, 

spring  wheat  annually. 
A  4,  ten  tons  of  manure  per  acre  used  ae  a  top  dressing  on  sum- 
mer fallow  odd  years,  winter  wheat  even  years. 
A  G,  ten  tons  of  manure  per  acre  used  as  a  top  dressing  In  winter 
after  wheat  is  up,  summer  fallow  odd  years,  winter  wheat  even 
years, 
tl.    Summer  Fallow  Methods. 

A  B,  plow  early  in  spring,  till  well,  winter  wheat  odd  years. 
A  7.  plow  late  in  spring,  till  little,  winter  wheat  odd  years, 
A  g,  plow  very  shallow  early  la  spring,  deep  later  after  weeds 
have  started,  till  well  after  second  plowing,  winter  wheat  odd 
years. 

A  9,  plow  very  shallow  early  In  spring,  deep  later  after  weeda 
have  started,  no  tillage  after  second  plowing,  winter  wheat  odd 
years, 
lit.    Time  of  Seeding  Wheat. 

All,  seed  In  early  tail,  winter  wheat  each  year. 

A  12,  seed  in  medium  fall,  winter  wheat  each  year. 

A  13,  seed  in  late  fall,  winter  wheat  each  year. 

A  1'4,  seed  in  early  spring  on  fall  plowing,  spring  wheat  each 

year. 
IV.    Wheat  in  RoUtlon. 

A  10,  five  years  rotation, — corn,  winter  wheat,  clover  2  years, 

oata  and  peas. 
B  1,  two  year  rotation, — com,  winter  wheat. 
B  3,  tour  year  rotation,  ten  tons  manure  divided  between  foar 

crops, — clover  and  timothy  2  years,  oats,  com. 
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B  3,  five  year  rotation, — winter  wheat,  oate,  clover  and  timothy 

2  years,  corn. 
B  4,  six  year  rotation, — clover  and  timothy  3  years,  oats  and 

peaa,  corn,  winter  wheat. 
B  6,  five  year  rotation, — com,  winter  wheat,  clover  and  timothy 

2  years,  oats  and  peas  with  10  tone  manure  plowed  under  for 

oats  and  peas. 
B  6,  four  years  rotation, — corn,  winter  wheat,  mangels,  oats, 

plow  under  10  tons  manure  per  acre  for  com. 
B  11,  four  year  rotation, —  corn,  winter  wheat,  mangels,  peas, 

V.  Fall  and  Spring  Plowing  (or  Spring  Wheat. 

B  7,  plow  In  spring    7  inches  deep,  spring  wheat  each  year. 
B  S,  plow  In  fall    T  Inches  deep,  spring  wheat  each  year. 

VI.  Depth  of  Plowing  for  Spring  Wheat. 

B  9,  plow  In  spring  8  Inches  deep  even  years,  6  inches  deep  odd 

years,  spring  wheat  annually. 

B  10,  plow  in  spring  5  Inches  deep  even  years,  8  Inches  deep  odd 

years,  spring  wheat  annually; 
B  12,  plow  in  spring  4  Inches  deep  each  year,  spring  wheat 

annually. 
B  13,  plow  in  spring  6   inches  deep  each  year,  spring  wheat 
annually. 

B  11,  plow  In  spring  8   Inches  deep  each  year,  spriag  wheat 
annually. 

Wheat  was  grown  annually  on  the  plots  used  for  the  Investi- 
gations on  time  of  seeding  wheat.  A  suitable  seed  bed  could  not  be 
prepared  every  year  in  time  for  the  early  fall  seeding  because  of  the 
dry  hard  soil.  It  was  thus  bnposslble  to  conduct  this  experiment 
In  accordance  with  the  plans,  and  the  results,  therefore,  have  not 
been  given.  The  results  of  another  eipertment  on  date  of  seeding 
winter  wheat.  In  which  the  crop  was  planted  on  summer  fallow,  are 
contained  in  Washington  Experiment  Station  Bulletin  1S9. 
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APPUCATION  OP  MANURE 

Table  1  contains  the  yield  or  spring  and  winter  wheat  when  &  crop 
was  grown  each  year  with  and  without  manure,  alao  the  yields  ot 
winter  wheat  grown  alternating  with  summer  lallow  when  manure 
was  applied  at  different  times,  during  the  year.  Plot  A  3  was 
manured  each  spring  at  the  r«te  of  10  tons  per  acre,  after  which  the 
land  was  plowed  and  seeded  to  spring  wheat.  Plot  A  14  waa  treated 
la  the  same  manner  as  A  3,  except  that  It  did  not  receive  an  appli- 
cation of  manure.  Plot  A  3  produced  an  average  of  24.7  bushels 
per  acre  for  12  crops  and  plot  A  14  produced  an  average  of  22.5 
bushels,  or  a  difference  ot  Z.2  bushels  per  acre  In  favor  of  the 
manured  plot. 

Plot  A  1  was  manured  each  Tall  at  the  rate  of  ID  tons  per  acre, 
after  which  the  land  was  plowed  and  seeded  to  winter  wheat.  Plot 
A  11  was  treated  In  the  same  manner  as  A  1,  except  that  It  did  not 
receive  an  application  of  manure.  A  1  produced  an  average  of  32.9 
bushels  and  A  11  produced  but  IS.T  bushels,  or  a  difference  of  14.2 
buBbels  per  acre  In  favor  of  the  manured  plot.  White  an  annual 
application  of  manure  increased  the  yield  of  both  spring  and  winter 
wheat,  a  greater  increase  of  12  bushel  was  obtained  by  plowing 
manure  under  In  the  fall  for  winter  wheat  than  by  plowing  It  under 
in  the  spring  for  spring  wheat. 

The  manner  of  applying  manure  has  had  hut  little  Influence  on 
yield  of  winter  wheat  grown  on  summer  tallow  land.  There  is  a 
variation  In  yield  of  1.3  bushels  per  acre  for  an  average  of  six  crops 
tor  the  different  methods  of  application. 

The  plots  on  which  this  experiment  was  conducted  were  In  wheat 
during  even  years  and  In  summef  tallow  during  odd  years.  The 
plots  were  all  plowed  in  the  spring,  usually  the  latter  part  ot  May 
ot  the  summer  tallow  year.  They  all  received  an  application  of 
manure  at  the  rate  ot  10  tons  per  acre  tor  each  crop.  The  manure 
was  applied  before  plowing  on  plot  A  2,  after  plowing  and  before 
seeding  on  plot  A  4,  and  it  was  applied  after  seeding  during  the 
early  winter  on  plot  A  5.  By  referring  to  Table  1  II  will  he  seen 
that  plot  A  2,  on  which  manure  was  applied  before  plowing,  pro- 
duced an  average  of  3S.7   bushels,  plot  A  4,  which  received   the 
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manure  as  a  top  dressing  after  plowing,  produced  39.5  busIielB,  and 
plot  A  6,  which  received  a  top  dreaalng  of  manure  after  the  seed  was 
planted,  produced  an  average  of  40.0  bushels. 


Spring  wheat  each  year: 
A  3,  Manure 


A  14,  No  Manare... 


Winter  wheat  each  rear: 
A  1,  Manure 


All,  No  Mao  are 

Ia7biu. 


ng.  3.  Manor*  tppllad  te  iprlni  and  wlntn  vlmt  vlwn  wluM  wu  frown  <n 
Um  ram*  land  nch  tmi, — 12  jwi  trtng;  Tb«  uw  of  mknoi*  lueraaMd  tb* 
7l«ld  of  wlDtoi  wtiMt  14.2  bnibali  pn  acra,  wblla  ■priog  wbut  wm  Ineiwwd 
only  i.8  tnabab.  Wlwn  manon  wu  aat  aiod  winter  whott  prodncod  3.8  bnahtli 
loM  Uian  iprfns  wboM.  Tli*  (T*at«it  valna  of  mauan  wu  obMlnad  bj  plowlnf 
it  nDdoi  In  tin  f*U  for  wlntu  wlieat. 

Unfortunately  there  was  no  plot  of  wheat  alternating  with  summer 
tnltow  not  receiving  manure  which  can  be  directly  compared  with 
these  plots.  Plot  A  6,  Table  II,  however,  was  devvted  to  wheat 
alternating  with  summer  fallow,  but  It  was  In  wheat  during  the  odd 
years  while  the  three  plots  receiving  manure  were  in  wheat  during 

A  2,  Manure  plowed 
nnder  in  ipriu  j  of 
fallow  year. 


n(.  9.  Matkodi  itf  kpplTlnt  mknai*  for  wlntH  wboit  crown  on  innunor  ftl- 
low  luid, — aTonc*  lor  ilz  enpi.  A  dlftHonc*  of  1.3  troibolj  pii  aci*  roinltod  In 
■PPlrlns  nunnro  baton  plowlDf,  >■  ■  top  dmdng  afUi  plovlnc,  and  ai  a  top 
diMdns  aft*T  mdlni. 
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even  yeara,  Plot  A  6,  which  was  plowed  early  and  tilled  well,  pro- 
duced a  yield  of  46.6  bushels  tor  the  average  of  bIz  crops.  The 
average  yield  of  the  six  crops  of  wheat  for  the  three  plots  receivlag 
manure  was  39.4  hushela  per  acre.  Before  a  comparislon  is  made 
between  the  plot  not  receiving  manure  and  the  plots  receiving 
manure,  the  character  of  the  seasoa  as  effecting  wheat  production 
should  be  taken  Into  consideration. 

According  to  the  yearbooki  of  the  United  States  Department  of 
Agriculture,  the  average  yield  of  winter  wheat  In  the  state  of  Wash-  ■ 
Ington  for  the  same  period  (odd  years)  as  reported  for  A  6,  was  26. 3 
bushels  per  acre.     The  average  yield,  for  the  period    (even  years) 
during  which  the  manured  plots  produced  wheat,  was  24.3  bushels 

That  the  odd  years  have  been  more  favorable  (or  wheat  production 
Is  also  shown  In  plots  A  1  and  All  which  have  been  in  winter  wheat 
each  year.  The  average  yield  of  these  two  plots  for  the  odd  ye<irs 
of  this  period  is  29.5  bushels  while  the  average  yield  for  the  even 
years  Is  22. 1  bushels  per  acre.  There  has  thus  been  a  difference  of 
7.4  bushels  per  acre  In  this  particular  field  In  favor  of  the  odd  years 
where  winter  wheat  was  grown  continuousty  with  and  without 
manure. 

If  the  Increase  in  yield  of  7.4  bushels  per  acre  during  the  odd  years 
In  plots  A  1  and  A  It  be  attributed  to  the  seasonal  factor  and  if  th» 
use  of  manure  on  plots  A  2,  A  4,  and  A  5  did  not  inOuence  the  yield. 
it  would  be  expected  that  plot  A  6  being  cropped  during  odd  years 
would  outyleld  A  2,  A  4  and  A  6  since  they  were  cropped  during 
even  years.  The  average  yield  of  A  6  Is  actually  7.2  bushels  greater 
than  the  average  of  A  2,  A  4,  and  A  5.  If  allowance  were  made  for 
the  higher  yields  of  odd  years  obtained  In  this  manner,  it  would 
appear  that  manure  when  applied  at  the  rate  of  10  tons  per  acre 
will  not  materially  effect  the  yield  of  wheat  when  grown  alternating 
with  well  tilled  summer  fallow. 
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SUMMER  FALLOW  METHODS 


An  a.-ferage  ot  ll.S  bushels  more  wliext  was  produced  by  early 
and  thorougb  tillage  of  BUmmer  fallow  tban  by  plowing  the  land  late 
and  leaving  it  ontlll«d.  These  resnUs  were  obtained  on  ptota  A  6  and 
A  T  wblch  were  cropped  to  winter  wheal  alternatlmg  with  3Vaim«r 
fallow.  Plot  A  6  was  plowed  early  in  th«  spring  each  anmni«r  fallow 
year.  It  was  tilled  sufficiently  to  keep  It  Tree  from  weeds  and  to 
maintain  a  soil  malcb.  Plot  A  7  was  plowed  In  the  1at«  sprlns  after 
the  svrface  soil  became  dried  onr.  The  land  was  left  rough  and  only 
«non^  tillage  given  to  destroy  Lbe  weeds.  In  general,  weeds  allowed 
tiut  little  tendency  to  gfx)w  on  this  plot  and  the  soli  became  dry  to 
(he  depth  plowed.  Both  plots  were  prepared  for  medtng  in  the  tall 
and  seeded  to  winter  wheat  at  the  same  time.     Table  II  contains  the 


uolt  of  urly  and  UM  itunmu  l4Uai>lii4-  Tba  plot  on  til*  Mt  wUA 
iJy  SB*  tlUiil  w*U  piDdacAd  tX  tl»  ist*  of  GT.z  tnnbdi  pat  •»•  ia 
•  OB  tha  tixM  wUcb  wu  plowtd  laM  >nd  tUlod  DttU  jrodnonl  (0.1 


yield  ol  the  six  crtipH  which  were  grown  on  tbeee  plots.  It  sbows 
that  the«arty  plowed,  well  tllVed  summer  tallow  produced  an  avorage 
of  11.8  bushels  per  acre  more  than  the  plot  wblch  w»b  plowed  late 
and  tilled  Httle.  These  results  are  In  accord  with  the  practices  and 
beliefs  of  the  best  farmers  In  the  state  wherever  wheat  ia  grown 
alternating  with  summer  tallow. 

li 
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Tfible  II. 

Kff«cl 

of  Eariy  and  lAle 

nowlng  of  Si 

nuner  Fallow  on 

yield  of  Winter  Wbeftt 

(Acre  yield  in  busbeU.) 

A6 

A  7 

YEAR 

Plowid  iirly 

Plowed  Utt 

Dilf>r«oc*ioU«or 

ttlled  w<ll 

tilled  titUa 

of  »rlr  plowing 

1907 

40.1  . 

27.5 

12.6 

1909 

64.3 

50.6 

13.7 

1911 

62.2   -     ■ 

40.0 

23.2 

1315 

39.6 

33.1 

7.5 

1917 

1S.6 

18.7 

-2.2 

1919 

57.2 

40.1 

17.1 

Aver. 

46.6 

34.8 

11.8 

The  bind  of  tillage  given  plot  A  6  not  only  conserved  moisture  but 
was  effective  la  keeping  more  tnoleture  close  to  the  surface.  These 
coDdltlons  also  promoted  the  development  of  plant  food  during  the 
summer  which  was  Impossible  to  the  same  extent  in  plot  A  7  with 
Its  tower  moisture  c 


WHEAT  IN  ROTATION 

Table  III  gives  (he  wheat  yields  for  seven  plots  in  which  wheat 
has  been  grown  In  rotation,  one  plot  which  grew  winter  wheat 
annually,  one  plot  spring  wheat  annually  and  one  plot  cropped  (o 
winter  wheat  alternating  with  summer  fallow.  The  names  of  the 
other  crops  in  the  rotation  are  Inserted  in  the  table  at  the  places 
they  occur. 

The  average  yield  of  wheat  Is  given  for  each  plot  for  the  years  It 
was  In  wheat,  and  in  addition,  the  average  yields  for  the  first  halt 
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uf  the  period  and  tbose  for  the  aecood  baUt  of  the  period,  are  e>ven 
aeparatdf. 

It  wilt  be  seen  that  the  average  wheat  yields  are  greater  durtns 
the  second  period  than  the  first,  for  four  of  the  five  plots  In  which 
wheat  is  grown  in  rotation  with  a  legnme.  The  average  yield  is 
Bllgbtlr  lower  during  the  second  period  on  plot  A  10  but  It  has  a 
record  of  only  three  yields.  Plot  B  1  which  was  cropped  to  wheat 
and  com  alternating  also  produced  a  larger  yield  during  the  second 
period  of  the  rotation.  Considering  the  character  of  the  rotation 
this  yield  Is  larger  than  wonid  be  expected.  Attention  ehonld  be 
called  to  the  fact,  however,  that  B  1  la  located  so  that  It  may  have 
drainage  from  A  1  which  wae  given  an  application  of'  manure  eacli 
fall  equivalent  to  10  tons  per  acre.  It  is  possible  that  the  yield  on 
plots  B  3,  B  4  and  B  6  were  increased  for  a  similar  reason. 

The  yields  on  plot  A  12  which  grew  winter  wheat  annually  and 
B  13  which  grew  spring  wheat  annually,  are  considerably  lower  for 
the  second  than  tor  the  first  period.  Plot  A  6  which  waa  cropped  to 
wheat  alternating  with  summer  fallow  produced  approKlraately  the 
same  yield  for  both  periods  of  the  rotation. 

The  wheat  yields  when  grown  In  rotation.  In  general,  have  been 
on  the  Increase  while  those  plots  which  grew  wheat  continuously 
have  suffered  a  decrease  in  yield. 

No  attempt  has  been  made  to  analyze  and  explain  all  of  the  causes 
for  the  results  shown  In  the  table,  since  the  various  plots  have  not 
been  In  wheat  the  same  number  of  times,  and  certain  seasons  have 
been  more  favorable  for  wheat  prodactlon  than  others.  The  reader 
Is  invited  to  place  his  own  Interpretations  on  the  results  given  in 
(he  table,  but  It  Is  believed  he  will  find  sufficient  evidence  to  assure 
him  thfit  a  rotation  of  crops  including  legumes,  and  the  use  or 
manure,  will  aid  In  maintaining  the  productiveness  of  the  soil. 

i 

FA!l.L  AND  SPRING  PLOWING   FOR  SPRING    WHEAT 

According  to  Table  tV,  a  larger  yield  of  sprlng<wheat  was  obtained 
on  spring  plowing  than  on  fall  plowing  during  ten  out  of  fourteen 
years,  and  the  average  for  the  fourteen  years  on  spring  plowing  ex- 


D.n.iized  by  Google 


Table  IV.     A  Compartson  vt  Fidl  Mid  Spring  Plo^ng  for  f 
WbMt 

<Acre  yield  In  buabals.) 


Ptow>d  Imprint 


1306 
1907 
1908 
1909 
1910 
1911 
1912 
1S13 
1914 
19ie 
191C 
1917 
1918 
1919 


20.9 
37.9 
29.1 
4S.4 
28.3 
17.6 
36.S 
22.0 
17.S 
14.6 
41.8 
2S.« 
19. B 
31.9 
27.8 


19.8 
31.9 
2G.8 
47.3 
27. S 
ll.tt 
28.S 
28.9 
20.1 
8.0 
32.3 
17.6 
17.0 
33.8 
24.9 


ceeded  that  on  fall  plowing  by  2.9  bnabelfl  per  acre.  Plot  B  7  waa 
plowed  In  the  spring  eacb  year  as  soon  as  tbe  land  wu  In  condition. 
B  S  was  plowed  tbe  prevlons  fall  and  disked  in  tbe  spring.  Botb 
plots  were  harrowed  Just  before  seeding  and  seeded  at  the  same 
time.  Tbe  spring  plowed  plot  produced  an  average  of  27.8  bustaels 
and  tbe  tall  plowed  plot  an  average  of  24.9  buBbels  or  a  dIBerenoe 
of  2.9  bushels  per  acre.  While  tbe  spring  plowed  land  produced 
Bomewbat  the  larger  yield,  spring  plowing  has  the  dlBadvantages  of 
delaying  spring  seeding.  Early  spring  seeding  Is  generally  con- 
sidered preferable  to  late  sprltig  seeding  and  If  a  considerable  area 
la  to  be  seeded  In  the  spring  It  la  desirable  to  have  as  much  of  tbe 
land  plowed  in  the  fall  as  possible  in  order  that  seeding  may  be  com* 
pleted  In  the  early  spring. 

It  Ib  a  matter  of  common  knowledge  that  spring  wheat  should  be 

seeded  early.     Wheat  seeded  tbe  latter  part  of  Hay  is  often  not 

vortta  cutting,  while  wheat  seeded  la  tbe  same  Held  early  In  April 

prodnces  a  satlafactory  crop.     In  actual  practice  It  may  be  esaentlal 

IS 
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B  7,  Flawed  In  si 


}  8,  Plowed  in  fall... 


to  plow  as  much  of  the  land  to  be  devoted  to  Bpring  wheat  as  possible 
the  fall  before,  Id  order  to  complete  spring  planting  at  the  proper 
time, 

DEPTH  OF  BPRINO  PLOWING  FOB  SPRINO  WHEAT 


The  depth  of  spring  plowing  has  not  been  an  Important  factor 
affecting  the  yield  of  spring  wbeat  when  grown  continuously  on  the 
same  land.     As  shown  In  Table  V,  six  plots  were  spring  plowed  at 

TaUeV.    Effect  of  DepOi  oi  Spring  Plowing  on  Yield  of  Sprios 
Wheat 

(Acre  yield  in  bushels.) 


TEAF 

BT 

Plow«d7 
ia>.d.ep 

B9              BIO 

tkmttlm.       tkmtilm. 

tafMn.       l>.*N<i|in. 

B12 

liu.d«p 

B13 

Plownlfi 
iDi.  d«p 

uuiiuuy 

BI4 

PlawtdB 
iot  d*>p 

UDUllT 

18  SS 

as.e 

3e.T 

39 

leoo 

14-5 

9.1 

ISOl 

1S09 

i9oa 

1904 

n.o 

ai.« 

IMS 

30.0 

2S.6 

ST.e 

«0.1 

2ft.  1 

3( 

ISOS 

41.9 

*i 

WIO 

eg.3 

G4.1 

1011 

iT.e 

ts.o 

S3.1 

14.9 

I91S 

ill 

H.1 
40.1 

M 

ss.e 

3B 

19.5 

32 

1»1« 

Bl.fl 

sa.T 

80 
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Tftrions  deptbs  and  seeded  to  Bprlng  wheat  annually.  The  plot 
plowed  seven  Inches  deep  produced  an  average  yield  of  27.8  buibela 
per  acre,  while  the  one  nlowed  aU  Inches  deep  produced  an  avetage 
yield  of  29.1  bneheis.     The  average  ^ield  of  the  other  plots  came 


B  7,  Plowed  I  inches 
deep  annaally 

B  9,  Plowed  t  ioche*  deep 
even  year*.  S  iache« 
deep  odd  years. 

B  10,  Plowed  S  inches 
deep  even  yean,  8  in- 
ches deep  odd  years... 

B  12,  Plowed  4  inches 
deep  annaally 

B  13,   Plowed   <   inches 

annaally- 

B  14,  Plowed  8  inches 
deep  Biuwally 


ir  Oat  tha  jMt  at  wgttat 


between  these  extremes.  A  difference  In  yield  of  only  1.3  bnaheU 
per  acre  was  therefore  obtained  for  the  dlSereut  depths  ot  plowing. 
Data  have  been  kept  on  these  plots  tor  twenty  years  and  the  reenlta 
given  are  the  average  for  the  entire  period. 

Sliallow  plowing  costs  lees  than  deep  plowing  and  la  more  ec»- 
nomical  unless  some  deflnite  advantage  can  be  attributed  to  deep 
plowing.  The  TesaUs  obtained  for  depth  of  plowing  would  no  doubt 
vary  under  different  conditions,  and  those  given  are  for  conditloDB 
at  Pullman,  Washington,  when  spring  wheat  was  seeded  on  spring 
plowing. 
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Tha  SpillnuB  plDti  at  batrast  Urn*. 


SUHMART 


1.  The  eiperfmentB  reported  in  this  bnlletln  were  conducted  on 
Field  Six  which  occupies  the  lower  portion  oF  a  soatb  slope.  Th«  soil 
ta  a  typical  Palouae  silt  loam. 

2.  Manure  applied  In  the  spring  each  year  before  plowing  at  the 
rate  of  10  Ions  per  acre  Increased  the  average  annual  yield  of  spring 
wheat  2.2  busbels  per  acre. 

3.  Manure  applied  in  the  fall  each  year  before  plowing  at  the 
rate  of  10  tons  per  acre  Increased  the  average  annual  yield  of  winter 
wheat  14.2  buahela  per  acre. 

4.  The  use  of  manure  for  winter  wheat  produced  au  average  an- 
nual increase  of  12  bushels  more  than  the  use  of  manure  for  spring 
wheat. 

5.  There  was  a  variation  In  acre  yield  of  1.3  bushels  for  winter 
wheat  grown  alternating  with  summer  fallow  when  manure  was  ap- 
plied before  plowing,  as  a  top  dressing  after  plowing,  and  as  a  top 
dressing  after  seeding. 

6.  Early  plowed  well  (lUed  summer  fallow  produced  11. S  bushels 
per  acre  more  than  summer  fallow  which  was  plowed  late  and  left 
un  tilled. 
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7.  The  awraKe  yielfls  during  fUe  Beconfl  ttn  jt^n  ol  fhe  perlofl 
were  greater  than  during  tlie  first  ten  yeara  for  six  or  the  seven  plots 
wbea  wbeat  was  grown  In  notation. 

8.  Coitlnitous  cpoppiug  «t  bolh  spring  anfl  winter  wbeat  materi- 
ally decreased  the  average  yield  during  the  aceond  ten  year  period. 

9.  Spring  plowing  for  spring  wbeat  ppodaced  an  average  «t  2.9 
busliels  jnor«  per  aore  than  tall  pkiwlng  for  spring  wheat.  TJaually 
It  is  desirable,  however,  to  plow  as  ninch  land  In  the  fall  as  possible 
In  order  Im  insnre  early  spring  seeding. 

10.  The  depth  of  spring  plowing  has  bat  Utile  Influence  on  the 
yield  of  spring  wheat. 
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Studies  on  Digestibility  of  Sunflower  Silage 
Fed  to  £heep 


(Submiued  for  Publication  December  11th  1930) 


In  sections  ot  Washington  There  corn  silage  cannot  be  produced 
succeesfullr,  because  of  climatic  conditions,  sunflower  silage  prom- 
ises to  become  a  feed  ot  considerable  importance.  The  larger  yield 
per  acre,  adaptability  to  ensiling,  as  well  as  palatabllUy  or  the  Bilage, 
are  some  factors  that  point  to  an  increased  production  of  this  rough- 
age, even  though  It  is  lower  In  feeding  value  than  corn  silage, 
Studies  of  the  methods  of  utllialng  this  new  feed,  therefore  are  of 
Interest. 

The  work  here  reported  was  confined  to  a  study  of  digestibility 
of  sunflower  silage  when  fed  to  wether  lambs. 

Animals  TJsed. — Two  grade  wether  lambs  were  used.  They  were 
ted  in  closed  stalls  in  a  quiet  place,  and  were  gradually  accustomed 
to  an  excluslTe  sunflower  silage  ration,  and  kept  on  it  for  a  suf- 
ficient length  ot  time,  (about  14  days)  to  empty  their  digestive 
tract  of  residues  of  other  teeds  before  the  trial  proper  began. 
Lamb  I.  weighed  82  lbs.  and  Lamb  II,  71  lbs. 

M«thod.^-Sun flower  silage  lends  itself  to  a  direct  method  of 
Investigation,  as  it  may  be  used  as  the  sole  source  of  teed  ot  Iambs 
tor  a  considerable  period  ot  time  without  any  noticeable  Impairment 
ot  the  health  ot  the  experimental  animals. 

The  common  method  of  determining  the  digestibility  ot  a  new 
teed  Involves  actual  digestion  experiments  ot  several  days  duration 
<10  days  in  this  instance),  during  which  the  quantity  and  compo- 
sition ot  teed  consumed  and  feces  excreted  are  carefully  determined. 
In  this  war  the  quantity  of  protein,  fats,  carbohydrates,  crude  fiber. 
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etc.  which  are  eaten  and  excreted  are  calculated.  The  percentages 
of  nutrients  which  hare  disappeared  as  the  material  paaaes  through 
the  dieeatlvc  tract  are  called  the  coefficients  of  digestibility.  It  is 
asBumed  that  all  the  material  In  the  feces  is  feed  residue,  si  ace 
materialB  from  other  sources  form  but  a  small  portion  of  the  feces 
of  a  ruminant.  About  four  grams  nitrogen  Is  exereted  tor  each  100 
grams  dr?  matter  digested. 

The  difference  between  the  amounts  of  nutrients  in  the  feed  fed 
and  those  In  the  feed  refused  is  the  actual  amount  of  nutrients  con- 
sumed. The  calculation  of  coetTlcients  then  Involves  a  determination 
of  nutrients  (1)  consumed,  (2)  excreted,  and  (3)  dlgeeted.  The  last 
Is  obtained  by  subtracting  the  second  from  the  first.  The  coefficient 
of  apparent  digestibility  for  any  nutrient  Is  then  calculated  by  divid- 
ing the  quantity  digested  by  the  quantity  consumed  and  multiplying; 
the  quotient  by  one  hundred. 

The  plan  of  the  trials  was  similar  to  that  outlined  in  Bulletin 
157  of  this  Station,  with  a  few  modifications.  The  feces  were  col- 
lected in  rubber  bags  held  In  position  by  a  suitable  harness  <see 
Figures  I  and  II).    The  bags  were  emptied  twice  daily  and  the  feces 


Fiiore  No.  1 
Tlic  pbotograpb  of  Lamb  I  Wat  taken  the  lait  day  of  the  difation  tr 
dropped  in  the  (pnnt  of  1919.  »d  mifbed  SI  llw.  al  the  time  the  pictBi 
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saraiiled,  aliquot  samples  being  welgbed  out  for  moisture  determl- 
natione  and  chemical  analyaee.  The  urtoe  was  not  collected  since 
all  sollda  in  that  excretion  are  considered  as  haTing  been  digested. 

Silage  flnctnates  in  moisture  content  and  compoeltlon  at  various 
depths  of  the  silo;  the  moisture  varies  with  the  time  of  exposure  to 
air;  ellage  BpoUs  and  molds  If  eipoeed  to  air  for  any  considerable 
length  of  time.  For  these  reaeone  all  Bllage  fed  on  any  particular 
day  Tas  obtained  fresh  from  the  silo,  thoroughly  mixed  and  samples 
taken  for  analysis,  and  one  days  feed  for  each  Iamb  weighed  into  air 
tight  receptacles  each  morning.  The  amount  fed  each  day  was  con- 
stant after  being  so  adjusted  as  to  reduce  the  refuse  to  the  minimum. 
The  refuse  silage  was  collected  and  retained  in  air  tight  Jars  until 
the  end  of  the  trial  when  a  sample  was  taken  for  chemical  analysis. 

Resnits.— Table  I  shows  the  average  analysis  of  the  silage  fed 
each  day.  The  analyses  were  made  by  the  writer  according  to 
methods  outlined  by  the  Association  of  Official  Agricultural  Chem- 
ists. This  table  Is  of  special  Interest  as  It  presents  the  average  of 
ten  duplicate  analyses  of  sunflower  silage  taken  during  the  digestion 
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ttial;  and  It  Ib  the  basis  for  calculatiuE  digestible  nutrients  iv  sun- 
flower silage  in  this  luTestlgation. 

Table  I. 
Average  percentage  composition  of  fresh  snnfloirer  eUage. 


ATCrag*  10    Pir  Mnt.   Per  cent       protci 
d»y»  witm-  D.  m.         #,1  (,. 


•  '■*  IcmdB  fibi«| 


22.12   I    '1.72   I      1.76  ] 


Table  II  shows  the  average  daily  feed  fed,  feces  excreted  and 
dry  matter  in  each  for  lamb  I  and  II  during  the  10  days  digestion 
trail. 


Table  n. 
Dry  tnaUer  In  feed  and  feces. 

^S' 

Per  unt. 

moiltnnin 

gt.m. 

Av.  weifht 

f«ce««i- 
cr«rd<l«a» 

Per  «ot. 
moiilun 

Dry  nutter 
■xcretad 
truit 

Lamb   II 

2700          77.88    i    597.24   1    582.27    |      El. 16 

148.99 
284.38 

It  should  be  noted  that  Lamb  I  refused  10,168.0  grams  of  feed 
1  10  days  and  Lamb  II  1876. 0  grams  of  feed  durlnic  the  same  period. 


Table  m. 
Quaudtf  of  feed  constttnents  tn  silace  fed  and  refused  per  day. 


to"£y/ 

DrjnuMn- 

trim* 

(rem. 

N.fr« 
frun'i 

Crvdc 
Cr«iu 

Silage 

ted  Lamb 

597.24 

46.41 

47.46 

176.09 

I  and  II 

Refuse 

silage 

242.00 

18. El 

Lamb  I 

Refuse 

silage 

62.81 

2.33 

.9S 

26.08 

20.00 

3.41 

Lamb  II 

Table  IV  gives  the  average  daily  composition  of  fresh  feces  of 
Lamb  I  and  II.  Bven  though  Sheep  II  excreted  double  the  amount  of 
feces  each  day  that  Sheep  I  did,  the  composition  of  feces  of  the  two 
sheep  was  very  similar 
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Table  IV. 
Percentage  composition  of  tbe  feces. 


Amaf 

Diy  matter 

Cnulc             Crude 
protilD              (.t. 

Cnde 

fibre, 

Hilrofcn 
free  ext., 

Crude 
uh. 

I^mbl              47.92 
Lamb  11           48.74 

3.62  1        1.8Z  1      16.47   (     19.36 

E.6S 

Neither  sheep  showed  any  estemal  symptoms  of  dlgestlv* 
orders  throughout  the  entire  experlmenL 


Table  \\ 
<^aiility  of  feed  constltnente  In  feces  per  day. 


Tables  VI  and  VII  sumarlze  for  the  ten  day  feeding  period  the 
following  data  for  Lamb  I  and  II  respectively  i— nutrients  In  feed 
fed,  In  feed  refused.  In  feed  consumed,  in  the  feces  and  those  di- 
gested. The  last  line  gives  the  coefficients  of  digestibility  of  each  of 
the  nutrients  in  sunflower  silage,  as  deterimened  in  this  Inveatigatlon. 
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The  rirst  part  of  table  VIII  gWes  lor  coiaparlson  the  average! 
or  all  aiiaiyses  made  at  tbis  station  of  corn  and  sunflower  silages. 
Th«  Bunflover  silage  was  lower  In  altrogen  free  extract,  but  was 
bigher  la  erode  fibre  than  corn  silage.  The  second  part  of  table  VIII 
compares  the  coefficients.  These,  for  sunflower  silage,  are  averages 
for  the  two  sheep.  The  last  part  of  the  table  affords  a  comparisoD 
of  the  two  roughages  on  the  basis  of  digestible  feed  constituents 
vhlch  they  contain.  While  further  work  will  be  conducted,  It  la 
lelt  that  th«  results  thus  far  secured  are  of  sufficient  interest  to  be 
reported  at  this  time. 

The  results  given  in  this  work  are  based  upon  two  careful  di- 
gestion trials,  but  with  only  two  wether  lambs.  One  lamb  consumed 
about  54%  more  drf  matter  than  the  other.  The  lamb  consuming 
the  smaller  amount  of  feed  showed  slightlr  higher  coefficients  of 
digestibility.  However,  the  varation  does  not  exceed  those  which 
might  be  attributed  to  individual  differences.  Lamb  I,  lost  ^5  lbs. 
and  lamb  II,  lost  lU  lbs.  during  trial.  (Weights  based  on  three 
consecutive  daily  weights  at  the  beginning  and  end  of  the  trial.) 

Aside  from  the  fact  that  a  small  number  of  animals  was  ased,  this 
work  has  further  limitations  since  silage  is  very  seldom  fed  alone. 
No  indication  Is  obtained  as  to  the  digestibility  of  the  feed  when  fed 
with  alfalfa  hay  or  other  feeds.  Prevloue  experiments  by  various 
investigators  point  out  strikingly  that  feeds  fed  together  in  a  ration 
exert  marked  influence  upon  the  digestibility  of  each  other. 
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1.  Sunflower  slUge  1b  a  palaUble,  aucculent  rougliage  adaplei) 
to  feeding  lambs. 

2.  In  tbls  Investigation,  sunflower  silage  made  by  ensiling 
(airly  matured  sunflowers  had  a  nutritive  ratio  of  1  lo  11. G  when  ted 
to  two  Iambs  as  compared  to  an  average  for  all  classes,  of  live  stock, 
of  1  to  17.9  for  corn  silage. 

3.  In  100  lbs.  of  this  BUnfower  gllage  there  were  12.56  lbs.  of 
digestible  nutrients,  as  comparled  to.  19.04  lbs.  digestible  matter  for 
each  100  lbs.  of  corn  silage. 

4.  When  camparlng  the  twn  silages  as  to  the  content  of  di- 
gestible nutrients,  suntloweF  silage  in  this  tset,  had  only  66%  of  the 
▼alne  of  com  silage. 

5.  The  crude  protein  of  sunflower  silage  In  this  test  was  12.4 
percent  more  digestible  than  the  crude  protein  of  com  silage;  how- 
ever the  crude  fiber  of  sunflower  silage  -was  about  40  percent  less 
digestible.  The  nitrogen  free  extract  was  IS  percent  less  digestible 
In  sanriower  allage  tban  in  corn  silage. 
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PijDTC  iUnitritint  tbe  loiuriint  Irowth  of  ■UDflowen  at  PdUidu,  Wuhiattsa. 
Sonflowtn  7i«lded  11.0  lom  of  green  milcHal  per  acre  vhere  con  Tidded  obIt'>.7  tons 
ial911>.    Ib  1920  nuflowcr*7fclclcd  11.1  toniCrcH  matter  per  acre  where  con  ^Ided  i3. 
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Sunflower  Produdion  for  Silage 

By 

E.  a.  SchRfer  and  Roy  0.  Westley 


Introdnction 
It  seems  likely  that  the  production  of  sunflowers  for  silage 
will  meet  one  of  the  forage  crop  needs  for  certain  districts  of 
Washington.  The  discussion  contained  in  this  bulletin  is  in- 
tended to  supply  information  concerning  their  culture  and 
probable  value.  It  is  based  largely  upon  data  obtained  and 
observations  made  at  the  Agricultural  Experiment  Station, 
Pullman,  Washington,  during  the  two  years  the  crop  was 
under  investigation.  Additional  information  has  been  secured 
from  other  experiment  stations,  and  from  reports  furnished 
by  county  agriculturistB  who  have  made  studies  of  sunflowers 
in  various  comities  of  this  state.  It  is  not  expected  that  these 
results  will  be  accepted  as  final  conclusions,  but  it  is  hoped 
that  they  may  be  of  value  to  persons  who  contemplate  grow- 
ing the  crop. 

OonditiODS  Favorable  for  Souflowers 
Stmflowers  grow  well  over  a  wide  range  of  soil  and  climatic 
conditions.  Soils  ranging  from  clay  and  silt  loams  to  those 
containing  a  large  amount  of  sand  are  suitable  for  their  cul- 
ture. A  high  state  of  fertility  is  not  essentia!,  but  a  much 
larger  yield  will  be  produced  on  good  soils  than  on  poor  ones. 
The  laiigest  production  of  the  crop  occurs  where  there  is  a  long 
growing  season  and  continued  warm  weather.  Conditions  fa- 
vorable for  com  are  usually  favorable  for  sunflowers.  How- 
ever, sunflowers  are  not  easily  affected  by  cold  and  do  not 
suffer  from  light  frosts  after  they  are  up  in  the  spring.  Areas 
which  are  not  well  suited  for  com  production  on  account  of 
cold  weather  or  insufficient  moisture  frequently  produce  a 
profitable  crop  of  sunflowers,  as  is  shown  by  the  marked  suc- 
cess with  which  the  crop  has  been  grown  in  many  parts  of 
this  and  other  states. 
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Preparing  the  I^aud  for  Plantdng 
Lands  intended  for  sunflowers  should  usually  be  plowed  in 
the  fall  and  left  without  further  tillage  until  spring.  As  soon 
as  field  conditions  are  favorable  for  tillage  operations  in  the 
spring,  the  land  should  be  harrowed,  of  if  it  has  become  firmly 
packed  it  should  be  disked  to  prevent  the  surface  from  crust- 
ing. If  not  plowed  in  the  fall  it  should  be  plowed  in  the  early 
spring  and  harrowed  immediately.  The  ground  should  be 
given  sufficient  early  tillage  to  form  a  mellow  seed  bed,  and 
harrowed  just  before  planting. 

Planting  the  Crop 

Sunflowers  should  be  planted  early  in  the  spring,  since  it 
in  desirable  to  have  a  long  growing  season.  In  districts  where 
com  is  grown  usually  they  may  be  planted  two  or  three  weeks 
before  it  is  safe  to  plant  com. 

Seeding  may  be  done  with  the  ordinary  grain  drill  by  stop- 
ping up  some  of  the  holes  so  that  those  left  seeding  may  place 
the  rows  at  the  desired  distance.  The  space  left  between  rows 
should  be  great  end  ugh  to  permit  cultivation  and  the 
plants  should  be  far  enough  apart  in  the  rows  to  insure  proper 
development.  "Where  com  is  planted  three  kernels  to  the  hill 
three  and  one-half  feet  apart,  a  satisfactory  distance  for  sun- 
flowers should  be  12  to  18  inches,  in  rows  three  and  one-half 
feet  apart.  Approximately  five  to  eight  pounds,  depending 
upon  the  size  of  seed,  are  required  to  plant  an  acre  with  row9 
three  and  one-half  feet  apart  and  the  seeds  spaced  three  inches 
apart  in  the  row.  When  seeded  at  this  rate  the  plants  will 
have  to  be  thinned  after  they  are  up.  When  it  has  been  de- 
termined that  a  high  per  cent  of  field  germination  can'  be 
secured,  it  is  possible  that  a  less  quantity  of  seed  may  be  used, 
and  the  necessity  of  thinning  avoided.  The  actual  amount 
of  seed  required  and  the  final  spacing  of  plants  in  the  row 
varies  with  the  soil  and  climatic  conditions. 

The  seed  should  be  planted  from  one  and  one-half  to  three 
inches  deep.  The  depth  should  be  somewhat  greater  in  a  sandy 
soil  or  one  that  dries  out  readily  than  in  a  clay  soil,  and  late 
seeding  should  be  at  a  greater  depth  than  early  seeding. 
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Onltivation 

Cultivation  ehonld  be  practiced  to  destroy  weeds  and  pro- 
vide favorable  conditions  for  the  Rowing  plant.  Weeds  should 
not  be  allowed  to  grow,  since  they  use  moisture  and  plant 
food  needed  by  the  crop.  They  are  moat  easily  destroyed  at 
the  time  of  germination,  and  cultivation  should  be  frequent 
enoagh  to  keep  the  field  free  from  them. 

Cultivation  helps  to  insure  favorable  growing  conditions  by 
putting  the  soil  in  a  better  state  of  tilth.  It  should  not  be  deep 
enongh  to  interfere  seriously  with  the  roots,  yet  deep  enough 
to  keep  the  soil  from  becoming  hard  and  crusted  at  or  near  the 
surface. 

Yield  of  Crop  at  Tbia  Station 

The  vigorous  nature  of  sunflowera  usually  insures  a  heavy 
yielding  ci-op.  The  woody  character  of  the  mature  plants 
makes  them  of  little  value  as  feed  for  live  stock  when  cured 
as  fodder.  This  difficulty  is  overcome  to  a  large  extent  when 
they  are  properly  cut  and  stored  in  the  silo.  The  crop  ntQized 
in  this  form  deserves  special  consideration  in  districts  where 
it  produces  larger  yields  than  other  crops  commonly  grown  for 
silage. 

"When  grown  for  silage  sunflowers  produced  approximately 
twice  the  yield  of  com  for  an  average  of  two  years  on  the 
experimental  fields  at  Pullman,  Washington. 

Tnble  I. — Acre  Yield  of  Ranflowet  and  Com  Silage 
J^  AoTB  yield  in  tons 

Crop I     1919      I     1920"    |  Average 


The  table  jgives  the  total  green  weight  per  acre  for  both 
sunflowers  and  com  for  1919  and  1920,  and  the  average  for 
the  two  years.  In  1919  the  plots  were  one-half  acre  in  size 
and  in  1920  one-fourth  acre.  The  experiment  was  conducted 
in  duplicate  both  years  and  each  yield  given  is  the  average  for 
two  plots.    In  1920  the  sunflowers  contained  an  average  of 

8 

D.n.iized  by  Google 


79.0  per  cent  of  moiature  aad  the  corn  contained  70.37  per  cent 
at  the  time  the  crops  were  harvested  and  put  into  the  silo. 
The  Mammoth  Russian  variety  of  sunflowers  was  used,  and 
the  corn  was  Windus  White  Dent. 


Fig.  2.  The  data  giving  the  yield  ol  Bunnowere  and  corn  In  tbe 
accompanyins  table  were  obtained  trom  plots  located  side  by  aide 
where   the   growing   conditions   were   (Dade   as   nearly    uniform   as 

POHHlblo. 

In  1919  the  sunflowers  were  planted  on  May  3,  and  on  May 
12  in  1920,  in  rows  spaced  three  and  one-half  feet  apart  and 
thinned  to  an  average  of  15  inches  in  the  row.  The  corn  was 
planted  May  20  in  1919  and  May  21  in  1920,  three  kernels  in  a 
hill  spaced  three  and  one-half  feet  apart  each  way.  Both  cropa 
were  hjirvested  when  they  appeared  to  be  at  the  proper  stage 
of  maturity  for  siiage.  The  seed  of  the  sunflowers  producing 
the  larger  heads  was  beginning  to  harden,  while  the  corn  wa.s 
well  dented  and  passing  out  of  the  hard  dough  stage. 

In  1920  a  field  of  3.7  acres  on  the  college  farm  at  Pullman 
produced  fiO.5  tons,  or  an  average  of  16.4  tons  to  the  acre.  An 
adjacent  field  of  4.3  acres  of  com  produced  an  average  of  6.8- 
tons  per  acre  the  same  year. 
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The  prodaetioD  of  seed  received  special  attention  during 
1920  only.  Forty-one  different  selecticoiB  grown  on  small  plots 
produced  an  average  yield  of  1556  pounds  of  seed  per  acre. 
Each  selection  represented  the  seed  of  an  individaal  head, 
however,  all  selections  were  of  the  Mammoth  Bnssian  variety. 
The  rows  were  three  feet  apart  and  the  plants  15  inches  apart 
in  the  row. 

Yields  at  Various  Places 

Prior  to  1900  the  crop  was  shown  to  be  a  heavy  yielder  at 
some  of  the  aigricultural  experiment  stations,  but  its  use  as  a 
silage  crop  was  given  little  if  an;  consideration  at  that  time 

In  1917,  23  tons  of  sunflower  silage  as  compared  with  14 
tons  of  com  silage  was  reported  by  the  Nevada  Experiment 
Station  (1)  when  grown  under  irrigation. 

The  Montana  Experiment  Station  (2)  reports  a  sunflower 
yield  of  44.1  tons  of  green  forage  per  acre  for.  an  average  of 
the  years  1917  and  1918,  when  seeded  at  the  rate  of  five  pounds 
per  acre  in  rows  36  inches  apart.  This  was  the  highest  yield 
obtained  with  rows  spaced  at  various  intervals,  and  the  crop 
was  grown  under  irrigation. 

An  acre  jaeld  of  34.6  tons  of  sunflowers  and  14  tons  of  com. 
grown  under  irrigation,  is  reported  from  the  demonstralion 
farm  at  Strathmore,  Canada,   (3)  for  the  year  1919. 

Data  from  the  Michigan  Experiment  Station  (4)  of  yields 
on  their  Upper  Peninsula  Station  at  Chatham,  show  sunflowers 
varyinig  from  11.3  to  20.4  tons  per  acre  in  a  date  of  seedint; 
test. 

At  the  Umatilla  Reclamation  Project  Experiment  Farm  (5), 
located  in  northeastern  Oregon,  51  varieties  of  com  and  one 
varietj-  of  sunflowers  were  grown  for  silage.  The  crops  werp 
grown  under  irrigation  and  the  experiment  was  conducted 
during  1918  and  1919.  The  acre  yield  of  the  sunflowers  was 
28.4  tons,  while  the  leading  variety  of  com  produced  only  10.8 
tons. 

A  report  by  letter  from  the  Colorado  Experiment  Station 
emphasized  the  value  of  sunflowers  where  com  can  not  be 
successfully  grown.    It  stated  that  yields  of  from  14  to  18  tons 
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of  sunflowers  were  obtained  at  altitudes  where  com  can  not 
profitably  be  produced  at  all.  Yields  of  over  30  tons  per  acre 
were  secured  under  irrigation  on  the  Station  farm. 

The  Idaho  Experiment  Station  has  reported  a  yield  of  19 
tons  per  acre  for  a  field  of  four  acres  in  1920. 

Reports  of  yields  of  sunflowers  for  silage  at  various  experi- 
ment stations  show  them  to  be  a  profitable  crop,  particularly 
where  com  does  not  do  well. 

Sunflowers  in  Washington  are  rapidly  gaining  favor  and 
proving  their  value.  Reports  from  16  counties  in  this  state 
show  that  they  have  been  grown  with  varying  degrees  of  suc- 
cess. Yields  have  been  produced  ranging  from  five  tons  in 
the  drier  sections  to  42  tons  under  more  favorable  conditions. 
These  reports  have  come  from  typical  localities  in  the  northern 
counties,  the  Palouse  country,  the  dry  belt,  the  irrigated  sec- 
tions and  the  west  side.  In  most  cases  a  comparison  was  made 
with  com  and  it  was  found  that  their  yield  greatly  exceeded 
that  of  com. 

Effect  on  Following  Crop 

It  was  observed  on  the  experimental  fields  in  1919  and 
1920  that  the  outside  rows  of  the  sunflower  plots  which  were 
next  to  the  com,  made  a  more  vigorous  growth  than  those  rows 
near  the  center  of  the  plots.  The  com  on  the  rows  next  to  the 
sunflower  plots,  however,  was  smaller  in  size  than  that  in  the 
L-enter  of  the  plots.  Snnflowera,  therefore,  not  only  produce 
a  heavier  acre  yield  than  com,  as  shown  in  Table  I,  but  they 
seemed  able  to  obtain  a  greater  portion  of  the  plant  food  and 
Boil  moisture  when  grown  side  by  side. 

The  value  of  the  cultivated  crop  is  in  part  measured  by  the 
following  crop  yield.  In  order  to  determine  this,  and  since 
cultivated  land  is  commonly  used  for  wheat  the  following  year, 
the  plots  which  were  in  com  and  sunflowers  in  1919  were  seed- 
ed to  Bluestera  wheat  in  1920.  The  average  yield  produced 
on  the  com  plots  was  33.78  bushels  per  acre,  while  that  pro- 
duced on  the  sunflower  land  was  28.36  bushels.  "While  these 
data  indicate  that  land  used  for  sunflowers  is  somewhat  less 
suitable  for  immediate  wheat  production  than  com  land,  they 
should  not  be  taken  as  final  conclusions.    The  degree  to  which 
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they  apply  will  depend  largely  upon  the  amount  of  moisture 
present  in  the  soil,  which  may  vary  in  different  localities  and 
with  different  seasons. 


ire  utilized  to  the  beat  advantagn  when  put 

Filling  the  8Uo 

Sunflower  silage  of  a  satisfactory  quality  has  been  produced 
by  harvesting  the  crop  when  the  seeds  of  the  best  developed 
heads  are  fully  formed  and  commencing  to' harden.  It  is  likely 
that  the  proper  time  will  be  determined  with  greater  certainty 
after  additional  experience  is  gained  in  the  use  of  the  crop. 

The  methods  commonly  used  for  harvesting  and  putting  corn 
in  the  silo  may  be  employed  for  sunflowers,  except  in  case  the 
stalks  are  too  large  for  com  harvesting  machinery  to  handle 
them  successfully.  Under  such  conditions  the  crop  may  be 
cut  by  hand  with  a  com  knife.  In  either  case  they  should  be 
hauled  to  the  cutter  immediately,  cut  into  short  pieces  and 
stored  in  the  silo.  Particular  care  should  be  given  to  packing 
the  material  firmly,  for  it  is  essential  lo  the  preservation  of 
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silage  that  the  air  be  fixcluded.  Od  account  of  the  high  moist 
ure  content  of  sunflowers,  they  seldom  reqoire  the  addition 
of  water  to  aid  in  packing. 

Comparative  Valne  of  Com  (End  Sttnflowers  Wbsa  Orown  for 

The  early  prodaction  of  sunflowers  in  the  United  States  was 
primarily  for  their  seed  and  only  in  recent  years  has  their  use 
for  forage  been  given  special  consideration.  The  value  of  a 
crop  for  forage  purposes  depends  principally  on  five  factors; 
namely,  yield  per  acre,  cost  of  production,  ease  of  curing  and 
storing,  palatability,  and  nutritive  value.       • 

In  many  districts  sunflowers  produce  a  greater  acre  yield 
than  com,  the  crop  with  which  they'  are  generally  compared, 
as  is  shown  in  Table  I  and  various  experiments  cited  in  this 
bulletin. 

The  cultural  methods  employed  in  the  production  of  stm- 
flowera  are  essentially  the  same  as  those  for  corn;  therefore 
the  cost  of  producing  the  two  crops  is  practically  identical. 

Since  sunflowers  for  feed  are  utilized  to  the  best  advantage 
when  stored  in  a  silo,  and  since  a  large  tonnage  may  be  handled 
in  such  a  small  space,  the  curing  and  storing  of  the  crop  in 
this  manner  is  comparatively  simple. 

In  a  preliminary  feeding  experiment  with  dairy  cattle  at  this 
Station  (6)  it  was  concluded  that  "sunflower  silage  was  con- 
siderably less  palatable  than  the  com  silage."  It  was  further 
stated,  however,  that  "the  com  silage  used  in  this  trial  wan 
of  especially  good  quality,  being  quite  rich  in  grain.  The  sun- 
flower silage  would  probably  be  considered  as  of  medium 
quality." 

The  Montana  Experiment  Station  (2)  summarizen'its  results 
in  the  following  manner:  "Little  difficulty  has  been  ex- 
perienced in  getting  stock  to  eat  sunflower  silage.  In  some 
cases  a  few  days  have  been  required  to  get  them  to  eal 
it  readily.    It  is  palatable  to  cattle,  sheep  and  swinp." 

The  evidence  obtained  from  these  experiments  together  with 
that  of  growers  indicates  that  stmflower  silage  is  not  as  pal- 
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atable  as  com  silage.    Dairy  cows  eat  it  less  greedily  and  con- 
stime  a  smaller  quantity. 


1  well  developed  bead  iDcreases  the  feedio^ 

The  nutritive  value  of  sunflowers  is  somewhat  leas  than  that 
of  corn.  In  the  preliminary  experiments,  comparing  sunflower 
and  corn  silage,  as  feeds  for  dairy  cows  at  this  station,  re- 
ferred to  atove,  it  was  found  that  "sunflower  silage  was  ap- 
proximately 92  per  cent  as  valuable  as  com  silage."  The 
Montana  Experiment  Station  (2)  reports  the  results  of  a  test 
which  indicated  that  sunflowers  and  corn  were  of  equal  feed- 
ing value  when  five  per  cent  of  the  sunflowers  were  in  bloom 
and  the  com  was  in  the  silk  stage.  Both  crops  were  run 
throujgh  a  feed  cutter  and  cut  into  one-inch  lengths. 
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The  following  table  gives  the  digestible  DUtrients  in  100 
pounds  and  nutritive  ratio  of  sunflower  silage  as  determined 
with  sheep  at  this  Station  (7),  and  of  com  silage,  which  were 
obtained  from  analyses  made  at  this  station,  to  which  were 
applied  the  co-efficients  of  digestibility  as  reported  by  Henry 
and  Morrison  (8). 

Tftble  II. — Dlinwtible  Nntrlente  In  SDUflower  and  Corn  Sll««e 


Total 
dry 
matter 
in  100 
pounds 

Digestible  nutrl 

Qts  In  100  lbs. 

Crude    1  Total 
tat         1  I»c.  lat 

Crop 

Crude    i  Car- 
protein    bohy- 
,  d rates 

tlve 
ratio 

Suntlowere 
Corn 

22.12 
28.40 

1.00 

8.« 
16.34 

1.45 
.75 

12. S& 
19.04 

1:11.55 
1:17.80 

The  approximate  acre  value  at  this  Station  in  terms  of 
digestible  nutrients  may  be  ascertained  by  using  the  values 
given  for  silage  in  the  above  table  and  the  acre  yields  given 
in  Table  I. 

Table  HI. — mgeaOhle  Nataiento  of  Sunfloners  and  Corn 


I  Digestible  nutrients  trom  one  acre  In  1 
Acre  yield   i . — ^ ■ 

matter.  Crude      ICarbohy-        Crude      Totallnc. 

protein     drates  '=•  »=»  ~  o 


In  accepting  these  results  it  should  be  understood  that  the 
acre  yield  in  dry  matter  is  based  on  weights  at  the  time  of 
harvesting  and  the  digestible  nutrients  given  are  those  of 
silage.  The  actual  weight  of  digestible  nutrients  will  depend 
somewhat  upon  the  loss  of  dry  matter  and  changes  in  digest- 
ibility that  occur  between  the  time  the  crop  is  harvested  and 
the  formation  of  silage. 

Sn^estiong  for  Feeding  Sunflower  Silage 

The  sunflower  silage  produced  at  this  Station  has  been  fed 

to  dairy  cattle,  beef  cattle  and  sheep.    It  has  been  used  in  pre- 
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liminary  feeding  experiments  and  as  part  of  a  general  ration. 
Prom  the  reaqlts  obtnined  in  this  maimer  the  following  sug- 
gestions concerning  its  use  in  feeding  dairy  cows  have  been 
made  by  the  Dairy  Division,  and  those  concerning  its  use  in 
feeding  beef  cattle  and  sheep  have  been  made  by  the  Division 
of  Animal  Hnsbandry. 

This  succulent  feed  has  proved  to  be  fairly  satisfactory  and 
can  be  substituted  for  corn  silage  in  rations  for  dairy  cattle, 
beef  cattle  and  sheep.  It  should  be  fed  with  some  dry  rough- 
age. 

Sunflower  SUage  for  Dairy  Cattle 

The  amount  of  sunflower  silage  fed  to  each  cow  should  not 

exceed  25  to  30  pounds  daily  when  it  is  fed  in  connection  with 

alfalfa  or  other  legume  hay.    Cows  receiving  these  feeds  should 

be  allowed  all  the  hay  they  will  clean  up.    In  addition  to  the 

roughage  the  following  grain  mixtures  are  recommended: 

For  pows  giving  milk  testing  3.5  to  4.0  per  cent  fat : 

Mixture  1. 

Rolled  barley  or  ground  com    100  pounds 

Bran  or  mill  run   300  pounds 

Linseed  ollmeal.   soybean    Dilmeal.   or  cotton- 
seed oilmeal    50  pounds 

Total    450  pounds 

ftUxturo  2. 

Bran  or  mill  run 200  pounds 

Ground  oats 200  pounds 

Unseed   ollmeal.   soybean   ollmeal.  or  cotton- 
seed ollmeal    50  pounds 

Total 460  pounds 

Mixture  S. 

Rolled  barley  or  ground  corn    100  pounds 

Ground  oata    100  pounds 

Lin^ieed   oilmeal,   soybean    ollmeal,   or  cotton- 
seed   oilmeal     100  pounds 

Total 300  pounds 

For  cows  giving  milk  testing  above  4  per  cent  fat : 
Mixture  4. 

Rolled  barley  or  ground  corn    100  pounds 

Bran  or  mill   run    300  pounds 

Llnsoed   ollmeal.  soybean    ollmeal,   or  cotton- 
seed ollmeal    26  pounds 

Total 425  pounds 
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Mixture  B. 

Brau  or  mill   run    100  pounds 

Ground  oats        200  pounds 

Linseed   oilroeal,   soybenn  oilmeal,   or   cotton- 
seed ollmeal    30  pounds 

Total 330  pounds 

SUxture  6. 

Rolled  barley  or  ground  coru    100  pounds 

Ground  oats 200  pounds 

Linseed   oilmeal.   soybean   ollmeal,   or   cotton- 
seed   ollmeal    110  pounds 

Total 410  pounds 

Grain  should  not  be  fed  to  cows  producing  less  than  15 
pounds  of  milk  daily.  Mixtures  1,  2  and  6  should  be  fed  at  the 
rate  of  one  pound  per  day  for  each  two  pounds  of  milk  pro- 
duced in  excess  of  15  pounds.  Mixture  3  should  be  fed  at  the 
rate  of  one  pound  for  every  two  and  one-fourth  pounds,  and 
mixtures  i  and  5  at  the  rate  of  one  pound  for  every  one  and 
one-half  pounds  of  milk  produced  daily  in  excess  of  15  pounds. 

BaDflower  Sllag«  for  Sheep 
A  lot  of  pure  bred  lambs  made  an  average  daily  gain  of 
0.225  pounds  each  when  fed  a  daily  ration  of  one  pound  barley, 
one-half  pound  cull  beans,  four-fifths  pound  of  pea  straw  and 
two  and  one-half  pounds  of  sunflower  silage.  Thrifty  breed- 
ing ewes  two  to  four  years  old,  which  were  fed  a  daily  ration 
of  two  pounds  of  alfalfa  hay  and  three  pounds  of  sunflower 
silage  per  head,  were  maintained  in  good  breeding  condition 
for  60  days. 

The  following  daily  rations  are  recommended: 
Kation  1,  for  young  thrifty  100-pound  .brcedinig  ewes : 

Alfalfa  hay 2  to  3  pounds 

Sunflower  silage 3  pounds 

OR 

Cottonseed  ollmeal    %  pound 

Pea   straw    < 2  pounds 

Sunflower  silage   3  poimds 

Kation  2,  for  thin  60-pound  feeder  lambs  which  are  to  be 
fattened  during  a  period  of  70  to  100  days : 

Rolled    barley    %  to  1  pound 

Cottonseed  ollmeal    ^  pound 

Alfalfa   hay    %  pound 

Sunflower    silage    2  pounds 
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SnnflowOT  Silaee  (or  Beef  OaUJe 

Beef  cows  can  be  satisfactorily  wintered  on  a  daily  ration  of 
10  pounds  of  alfalfa  hay,  and  30  to  40  pounds  of  sunflowei* 
silage  for  each  1000  pounds  of  live  weight.  Two  to  three 
pounds  of  cottonseed  oil  meal  and  all  the  oat  straw  the  cattle 
will  eat  can  be  substituted  for  the  alfalfa  hay.  Two  to  three 
year  old  steers  will  make  about  one  pound  of  gain  daily  for 
each  1000  pounds  of  live  weight  when  fed  a  ration  of  15  to  20 
pounds  of  alfalfa  hay  and  40  pounds  of  sunflower  silage  per 
day.  A  gain  of  approximately  two  and  one-half  pounds  a 
day  can  be  made  on  good  1000-pound  feeder  steers  two  to 
three  years  old,  with  a  daily  ration  of  13  poimds  rolled  barley, 
two  pounds  of  cottonseed  oil  meal,  eight  pounds  of  alfalfa  hay 
and  25  pounds  of  sunflower  eilage. 

Diseases 

Three  sunflower  diseases,  rust,  powdery  mildew  and  wilt, 
tinder  certain  conditions  may  cause  serious  injury  to  the  crop. 
The  Plant  Pathology  Division  of  this  Station  has  supplied  the 
information  given  below  regarding  them. 

Rust,  Puccinia  helianthi,  occurs  on  the  lower  leaves  first 
and  from  there  spreads  to  the  upper  leaves  if  conditions  art! 
favorable  for  its  development.  The  rust  spots  are  yellow  to 
brown  early  in  the  season,  but  later  they  turn  black.  "When 
attacks  are  severe  the  leaves  are  killed  and  normal  seed  pro- 
duction prevented. 

Powdery  mildew,  Xrysiphe  cichoracearum,  is  characterized 
by  a  white  powdery  growth  over  the  surface  of  the  leaves  and 
leaf  stalks.  This  coating  becomes  darker  with  age  and  scat- 
tered through  it  are  small  black  specks,  the  fruiting  bodies  of 
the  mildew  fungus.  Leaves  which  are  badly  infected  die  and 
a  large  proportion  of  the  foliage,  especially  the  lower  leaves, 
may  be  lost.  Seed  production  on  badly  affected  plants  is  re- 
duced. 

"Wilt,  Sclerotinia  sp.  The  lower  portion  of  the  stem  is  at- 
tacked during  the  spring  or  early  summer,  causing  the  tissae 
of  the  affected  parts  to  break  down  and  rot.    The  fibrovasenlar 
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bandies  of  the  stem  are  less  affected  than  the  eorroanduig 
softer  tissue  which  condition  gives  the  lesions  a  characteristic 
shredded  appearance.  If  the  plant  is  not  kilted  immediately, 
the  disease  spreads  upward  through  the  stem  and  breaks  out 
in  the  head.  Hard  black  seed-like  bodies  of  various  shapes  de- 
velop in  the  affected  parts  in  the  late  summer  or  early  fall. 
These  bodies  represent  the  fungus  in  its  resting  stage.  The 
disease  causes  a  wilting  of  the  leaves,  the  lowet  ones  often 
being  killed  immediately.  Entire  plants  may  fall  over  as  a 
result  of  the  weakening  of  the  stems.  The  disease  is  favored 
by  an  abundance  of  moisture  and  greater  damage  occurs  on 
bottom-land  than  up-land.  Serious  damage  has  been  caused 
under  such  conditions  in  Western  Washington.  The  casual 
organism  is  retained  in  the  soil  and  sunflowers  should  not  be 
planted  on  land  which  produced  a  crop  infested  with  the 
disease  the  previous  year. 


(1)  Nef.  Bui.  91.  1918. 

(2)  Mont.  Bnl.   131.   1919. 

(5)  Canadian  Pacific  Railway.  Siloa  and  Silage  Crops,  1920. 
(4)   Mlcb.  Quarterly  Bulletin.  Nov.  1920. 

(6)  U.  S.  Dept.  Agr.  Clr.  110.  1920. 

(6)  Wash.  Bui.   158,  1920. 

(7)  Wash.  Bui.  181,  1921. 

(8)  Feeds  and  Feeding. 
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Smmnary' 

1.  Sunflowers  for  silage  promise  to  be  of  greatest  value  in 
areas  which  will  not  produce  corn  satisfactorily  on  aceonnt  of 
cold  weather  or  insufficient  moisture. 

2.  Sunflowers  should  be  planted  on  a  well  prepared  seed 
bed  usually  two  or  three  weeks  before  it  is  safe  to  plant  com. 

3.  Sunflowers  produced  approximately  twice  the  yield  of 
com  when  grown  for  silage  on  the  experimental  fields  at  Pull- 
man. 

4.  The  yields  obtained  at  various  state  experiment  stations 
and  different  comities  in  Washington  show  sunflowers  to  be 
a  profitable  crop,  particularly  in  areas  not  well  suited  for  com. 

5.  The  wheat  yield  following  sunflowers  was  16  per  cent 
less  than  that  following  corn  in  1920. 

6.  The  dry  matter  and  digestible  nutrients  are  lower  for 
sunflowers  than  for  com  when  equal  weights  are  considered. 
The  acre  yield  of  digestible  nutrients  is  greater,  however,  for 
sunflowers  than  for  corn. 

7.  Sunflower  silage  is  less  palatible  than  com  silage  but 
has  proved  to  be  fairly  satisfactory  and  can  be  substituted  for 
com  silage  in  rations  for  dairy  cattle,  beef  cattle  and  sheep. 

8.  Under  certain  conditions  the  diseases  rust,  powdery  mil- 
dew and  wilt  may  cause  serious  injury  to  the  crop. 


D.n.iized  by  Google 


5 

^3 


STATE  COLLEGE  OF  WASHINGTON 
AGRICULTURAL  EXPERIMENT  STATION 

PULLMAN.  WASHINGTON 


DIVISION  OF  HOKTICULTUKE 


STUDIES  IN  APPLE 
POLLINATION 

by 
0.  M.  MORRIS 


BULLETIN  No.  163 

MAY.  1921 


All  Bulletins  ot  this  Station  are  sent  tree  to  citizens  of  tbe  State  on 
application  to  the  Director 


BOABS  CWRBOENTB 

W.  A.  R!ti,  President Walla  Walla 

B.  O.  Rolland    (President  of  the  College),  Secretarr  ez- 

otflclo Pnllman 

O.  T.  Goman Spokane 

A.  D.  Dunn Wapato 

R.  C.  HcCrosker   Qarfleld 

F.  S.  SUmson  Seattle 


KXPIIRIBIBNT  STATION  STAFF 

Bdvard  C.  Jobnson,  H.  A ,* Director 

L.  J.  Smitb,  B.  S A«TlcnItaral  Engineer 

Homrd  Hackedorn,  B.  S Animal  Husbandry 

Bacteriology 

W.  I.  Nightingale,  B.  S AsaiBtant  In  Bacteriology 

F.  L.  Pickett,  Ph.  D Botany 

Otto  McCreary.  B.  S Asalstant  Chemist 

J.  L.  St.  Jolia,  M.  S ABBlBtant  Chemist 

E.  O.  Woodward,  M.  8 Dairy  Husbandry 

Robert  D.  Tucker   Omclal  Teatlng 

A.  L.  Melander,  D.  Sc .- Entomology  and  Zoology 

W.  T.  Shaw,  M.  8 Zoology 

Anthony  Spuler,  B.  8 Assistant  in  Entomology 

E.  O.  8chaler,  M.  S Farm  Crops 

■E.  F.  Gaines,  M.  S Cerealist  !n  Farm  Crops 

O.  B.  Barbee,  B.  S Assistant  In  Farm  Crops 

■•F.  J.  Stevenson Assistant  la  Farm  Crops 

Geo.  Severance,  B.  S Farm  Management 

O.  R.  Johnson Research  Assistant  In  Farm  Management 

O.  M.  Morris,  M.  S Horticulture 

•••Roy  Larsen,  B.  S Assistant  Horticulturist 

O.  L.  Waller.  Ph.  M Irrigation  Engineer 

F.  D.  Heald,  Ph.  D Plant  Pathology 

B,  F.  Dana,  M.-  S Assistant  In  Plant  Pathology 

E.  V.  Mitchell,  B.  8 PoultTT 

P.  J.  Sievers,  B.  S Soils 

Henry  Holtz,  M.  S Assistant  In  Soils 

J.  W.  Kalkus,  D.  V.  S Veterinary  Science 


■•M.  A.  McCall,  B.  S Superintendent  Adams  Branch  Station 

H.  M.  Wanser Asst.  In  Crops  and  Soils,  Adams  Branch  Station 

••C.  B.  Hill,  B.  S In  charge  WatervlUe  Branch  Station 

••R  .P.  Bean,  B.  S..  .Superintendent  Washington  Irrigation  Station 
H.  P.  Singleton.  .Asst.  In  Farm  Crops,  WashinBton  Irrigation  Station 


•On  leave. 

••In  co-«peration  vtth  the  United  States  Department  ot  Agriculture. 

•••In  co-operation  with  Chelan  County. 


cy  Google 


EXCH. 

IOWA  STATE  COLLEGE 

l-iBRARY  ■ 

DEC     ^0   '!- 


TABLE  or  0ONTEMT8 

Page 

Self-8terilit7  of  Varieties  4 

Methods  Used  in  Making  Tests 5 

Variation  in  Degree  of  Sterility  of  Varieties 6 

InflTience  of  Insect  FoUination 8 

Pollen  Prodaction  and  Self -sterility 10 

Duration  of  Pollioating  Period H 

Cross-Pollination 12 

Inter-fertility  of  Varieties 16 

Influence  of  Pollen  on  Fruit 19 

Cross-Pollinating  Agents 20 

June  Drop 21 

Seed  Content  of  June  Drop  Apples 21 

Seed  Content  of  Apples 25 

Seed  Content  of  One-sided  Apples 27 

Location  of  Vacant  Carpels  in  Apples 28 

Summary  and  Conclusions  32 

Bibliography    31 


D.n.iized  by  Google 


Studies  in  Apple  Pollination 


8ELF-8TERILITT  OF  VABIETIES* 

In  districts  of  home  apple-orchards  where  many  varieties 
are  planted  in  each  orchard  and  the  entire  planting  contains 
only  a  few  trees  of  each  variety,  no  trouble  has  been  experi- 
enced in  securing  a  satisfactory  set  of  fruit  with  normal  blos- 
som production.  The  peculiar  market  requirements  of  the 
Northwest  have  limited  the  commercial  orchard  plantings  to 
a  very  few  varieties.  This  has  made  the  self-sterility  of  varie- 
ties of  great  importance.  A  few  whole  blocks  of  one  variety 
have  made  prominent  these  characteristics  by  the  failure  of 
the  plants  to  produce  crops  although  blossoming  abundantly. 

Darwin  (1)  called  attention  to  the  fact  that  many  varieties 
of  cultivated  plants  are  self-sterile.  This  gave  rise  to  general 
discussion  and  some  investigation.  The  foundation  was  laid 
for  more  comprehensive  and  exacting  reports  to  be  made. 
Among  the  first  comprehensive  reports  published  in  the  United 
States  on  sterility  of  fruits,  was  "The  Pollination  of  the  Pear 
Flower"  by  M.  B.  "W'aite,  in  the  Division  of  Vegetable  Pa- 
thology, Bulletin  Number  5,  1894,  U.  S.  D.  A.  Since  then, 
studies  in  the  pollination  of  apples,  cherries,  plums,  grapes 
and  various  berry  plants  have  been  published.  Questions  of 
orchard  pollination  have  been  difficult  to  separate  from  those 
of  the  influence  of  environment.  The  influence  of  climate  or 
weather  and  general  well-being  of  the  plant  has  be^  recog- 
nized as  being  important  by  practically  all  writers.    The  physi- 


•The  work  reported  in  this  bulletin  baa  been  In  progress  for  Bev-  ■ 
eral  years.  The  field  work  In  the  atudy  ol  self-sterlllty  and  Inter- 
Bterlllty  of  varieties  was  done  mostly  by  Mr.  W.  J.  Young,  now  of 
Geneva,  Illinois,  and  Mr.  F.  W.  Allen.  Davis,  California,  while  they 
were  AeatBtant  Hortlculturlate  at  this  Station.  The  author  wUhea 
also  at  this  time  to  express  his  appreciation  of  the  BSBlstance  gtven 
by  Messrs.  J.  C.  Cave.  Stockton,  California.  B.  F.  Brown,  Walla 
Walla,  Washington,  and  C.  M.  Lochwood,  Opportunity,  Waebfiigton. 
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cal  difficulties  in  the  way  of  polliDation,  sucli  as  rain  at  Itlos- 
Boming  time,  have  been  given  attention  by  many  investigators, 
and  are  generally  conceded  to  be  a  very  great  handicap  to  the 
setting  of  fruit. 

METHODS  USED  IN  MAEINa  TESTS 

Tests  for  self-sterility  have  been  made  upon  all  varieties 
available  at  the  time  the  work  was  undertaken.  M.  B.  Waile 
(2)  found  that  blossoming  twigs  enclosed  in  paper,  cheese- 
cloth, or  mosquito-netting  bags  were  not  materially  modified 
in  their  process  of  setting  fruit.  All  three  forms  were  used 
in  this  work  but  the  paper  bag  was  used  for  most  of  the  work 
with  very  satisfactory  results.  The  trees  selected  for  the  work 
were  carefully  watched  and  just  before  the  blossoms  beffan 
opening  manila  paper  bags  were  placed  over  fruit  spurs  and 
short  fruiting  twigs  and  fastened  with  wire  in  such  a  way 
that  insects  couid  not  enter.  The  bags  were  left  in  place 
throughout  the  blossoming  period.  After  the  size  of  the  fruit 
on  the  remainder  of  the  trees  indicated  that  the  blossoms 
which  had  failed  to  set  fruit  could  be  easily  distinguished  from 
those  that  had  permanently  set  fruit,  the  bags  were  removed 
and  counts  made  of  the  blossoms  enclosed  and  of  the  fruits 
produced.  From  these  figures  the  per  cent  of  fruit  set  was 
calculated. 

The  trees  used  in  this  work  were  in  normal  orchard  condi- 
tion and  in  full  vigor  and  fruit  production.  They  produced 
what  was  estimated  to  be  sixty  to  eighty  per  cent  of  a  crop. 
The  orchards  were  given  clean  tillage  and  did  not  suffer  from 
drouth  until  late  in  the  summer,  if  at  all. 

In  order  to  make  sure  that  pollination  took  place  and  that 
the  failure  to  set  fruit  was  not  due  to  lack  of  pollination,  cer- 
tain paper  bags  were  removed  soon  after  the  blossoms  opened, 
and  the  blossoms  were  pollinated  by  hand.  Waite  (2)  found 
that  there  is  no  difference  in  the  fruit  set  when  the  flowers 
are  self-pollinated,  when  pollinated  with  pollen  from  different 
flowers  on  the  same  tree,  or  when  pollinated  with  pollen  from 
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different  trees  of  the  same  variety.    Oowen  (3)  later  reports 
results  in  exact  agreement  with  those  announced  by  Waite. 

In  this  work  the  pollen  of  each  individual  blossom  was  ap- 
plied to  the  pistils  of  the  same  flowers,  or  pollen  from  other 
covered  blossoms  of  the  same  variety  was  used  without  dis- 
crimination. The  blossoms  were  again  covered  and  left  nntil 
the  final  count  of  fruit  was  made.  Hand-pollinated  blossoma 
in  the  self-sterility  tests  gave  the  same  results  as  blossoms 
that  were  kept  continuously  enclosed  in  the  paper  baigs  during 
the  entire  blossoming  period.  This  seemed  to  indicate  clearly 
that  the  failure  to  set  fruit  was  not  due  to  lack  of  pollination. 

VAEIATION  IN  DEGREE  OF  8TERILITT  OF  VASXETIES 

The  varieties  differ  in  the  per  cent  of  blossoms  that  set  &ait 
in  the  various  orchard  conditions.  There  may  also  be  a  varia- 
tion in  the  per  cent  of  blossoms  that  set  fruit  in  any  one  tree 
in  the  different  years.  Waite  (2)  says  the  state  of  nutrition 
of  the  tree  and  its  general  environment  affect  its  ability  to 
set  fruit  either  with  its  own  pollen  or  that  of  another  tree. 
Gardner  (4)  says  the  ability  of  a  variety  of  cherry  to  set  fruit 
is  not  entirely  dependent  upon  the  kind  of  pollen  available. 
Environmental  factors  are  important.  Hedrick  (5)  and 
Sandsten  (6)  draw  the  same  conclusion  in  their  work.  Waugh 
(7)  shows  that  the  p6r  cent  of  defective  pistils  in  plum  blos- 
soms from  different  sections  of  the  country  varies  greatly, 
and  that  this  variation  can  not  all  be  traced  to  cold  winters. 
Yeager  (8)  found  that  the  older  spurs  blossomed  less  frequent- 
ly than  younger  spurs  and  that  the  blossoms  on  the  old  spurs 
more  frequently  failed  to  set  fruit.  The  normal  range  for  the 
variety  in  the  commercial  orchard  is  from  five  to  fifty  per 
cent.  Nine  to  eleven  per  cent  will  ordinarily  load  the  tree 
BO  that  very  heavy  thinning  is  necessary.  It  is  not  uncommon 
for  varieties  of  crab  apples  to  set  fifty  to  eighty  per  cent  of 
the  blossoms  and  some  varieties  that  prodnce  very  small  fmits 
set  even  as  high  as  ninety-five  per  cent  of  the  blossoms. 
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T^l«  1,  Showliic  the  RevnUa  ot  TttU  In  BtarUltT  ttf  TaHadea  of 

u.,..,h»-  r,*  i,i«=_         Por  cent  ol  bloB- 
■oma  covered  fmit 

1.  Dutch  Mlgnonne 636. 6T63 

2.  Bsopns    (SpltzenbarK)     476 6.93 

3.  EsopUB    (SpltienliDrg)     410 0.73 

4.  Pallawater 624 B.3 

6.  OraTenateln 266 6.1 

6.  Grimea 1484 1.49 

7.  Mclntoeh 365 8.77 

8.  Oldenburg 263 11.46 

9.  Rhode  iBland  Oreenlng    714 1.7 

10.  Rome*  Beauty  ■ 472 1.6 

11.  Wagoner 311 6 

12.  White  Poarmafn    493 61 

13.  Wlneaap 664 2.61 

14.  Baldwin ...  534 1.48 

1 5.  Ben  Davla 609 0.19 

16.  DelicloUB 630 0.0 

17.  Esopna    ( Spitzoaburg)     507 0.0 

18.  Jonathan 604 0.0 

19.  King  David 620 0.0 

20.  Lawver    606 0.0 

21.  Maiden  Bluah 60S 0.0 

22.  Northern  Spy    666 0,0 

23.  Rhcrde  Island  Greening 666 3.06 

24.  Rome  Beauty 491 0.0 

25.  Tompklna  King    503 0.0 

28.  Twenty  Ounce    519 0.0 

27.  Wegener 1040 D.O 

28.  Wealthy 647 0.46 

29.  Wlneaap    442 0.0 

30.  Winter  Banana    564 0.0 

31.  Yellow  Newtown    60S 0.19 

32.  Yellow  Tranaparcnt 610 0.0  _ 

The  results  secured  in  the  self-sterility  tests  are  reported  in 
Table  1.  Varieties  1  to  13,  inclusive,  were  growing  in  the 
Experiment  Station  orchard  at  Pullman.  Varieties  14  to  32, 
inclusive,  were  growing  in  orchards  in  the  Spokane  Valley, 
The  lack  of  uniformity  of  the  result  of  the  different  teats  is 
noticeable  in  this  table  and  is  illustrated  in  the  per  cent  of 
fmit  set  in  the  dtfferent  testa  wilh  the  Esopus  (Spitzenburg) 
variety.  The  degree  of  self-sterility  varies  in  different  locali- 
ties and  with  different  years  in  the  same  orchard, 

Fallawater  and  Gravenstein  are  here  shown  to  be  partially 
self-fertile  and  Qrimes  and  Yellow  Newtown  practically  self- 
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sterile.  Lewis  and  Vincent  (9)  report  Pallawater  and  Graven- 
stein  as  self-sterile  and  Grimes  and  Yellow  Newtown  self- 
fertile  in  western  Oregon.  W.  H,  Wicks  (10)  in  a  three  years' 
test  in  Arkansas  found  Ben  Davis  self-sterile  two  years  and 
partially  Self-fertile  one  year,  and  Jonathan  self-fertile  one 
year  and  practically  self-sterile  two  years.  These  resalts  are 
in  accord  with  those  reported  by  other  investigators. 

The  results  quoted  in  the  preceding  paragraph  were  ob- 
tained under  widely  varying  conditions  of  soil  and  weather. 
The  records  in  each  case  were  not  sufficiently  complete  in  all 
detail  to  furnish  a  basis  for  conclusions  relative  to  the  cause 
of  the  variation  in  the  degree  of  sterility  found.  The  data 
here  presented  indicate  a  general  tendency  of  varieties  to  be 
self-sterile  and  that  under  different  conditions  a  variety  will 
often  vary  in  the  degree  of  self-sterility  manifest. 

The  facts  presented  in  Table  1  and  the  accompanying  para- 
graphs clearly  indicate  that  it  is  wise  to  assume  that  all  varie- 
ties are  partially  self-sterile.  No  variety  of  apple  should  be 
planted  in  a  large  solid  block  but  provision  should  be  made 
for  abundant  opportunity  for  cross-pollination. 

IHFLUENGE  OF  INSECT  POLLINATION 

To  determine  the  influence  of  insect  pollination  of  blossoms 
on  the  setting  of  fruit  and  its  possible  relation  to  self-sterility, 
several  tests  were  made  by  covering  the  trees  with  tents.  Un- 
der one  tent  enclosing  a  Jonathan  tree,  a  stand  of  bees  was 
placed.  Another  Jonathan  tree  in  the  same  orchard  was  cov- 
ered with  a  tent,  and  so  protected  that  it  was  practically  im- 
possible for  bees  or  other  insects  to  carry  foreign  pollen  to 
any  of  the  blossoms  on  the  tree.  Rome  Beauty  trees  were 
subjected  to  the  same  test.  The  weather  during  the  blossom- 
ing period  was  unfavorable  but  not  destructive  and  only  a 
light  to  medium  crop  was  set.  The  per  cent  of  blossoms  that 
set  fruit  corroborated  the  self-sterility  tests  made  on  varieties 
by  enclosing  small  branches  in  manila  paper  bags.  No  distinct 
advantage  was  secured  by  enclosing  the  stand  of  bees  with  the 
tree.  The  flowers  were  visited  and  well  pollinated  generally, 
but  not  at  as  frequent  intervals  as  had  been  expected. 
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Whipple  (11)  states  that  winter  injured  fmit  buds  of  the 
apple  often  open  and  many  types  of  malformed  flowers  are 
produced  and  that  fmits  are  developed  from  such  flowers. 
Flowers  in  which  both  pistils  and  stamens  were  absent  pro- 
duced fruit.  Such  fruits  were  abnormal  in  form,  seedless  and 
usually  coreless.  In  this  ease  there  is  no  reason  to  believe 
that  the  visitation  of  the  bees  was  a  factor  of  any  influence 
in  the  setting  of  fmit.  The  attention  of  the  public  has  several 
times  been  called  to  individual  seedling  trees  that  habitually 
produced  seedless  and  more  or  less  coreless  fmits. 


Table  2,  A  Comparlion  of  the  B«ed  Content  of  Jonattuui  Apple* 

Produced  by  Trees  That  Were  Covered  With  Cloth  Tentc  Dnrlns 

BloMoniing  Period  and  by  Trees  In  the  Open  Orchard. 


No.  seed" 
less  ap- 
ples 


Size  tmlt    No.  apples 


Covered  with 

Very  large 

11 

3.17 

4 

none 

tent,  all 

large 

16 

6 

InseptB  ex- 

medium 

1.54 

13 

1 

cluded 

small 

11 

9 

1 

Covered 

Very  large 

T 

2.28 

5 

none 

with  tent. 

large 

23 

1.34 

18 

none 

tnclofline:  a 

medium 

1.06 

11 

2 

stand  of 

small 

12      . 

.83 

10 

2 

bees 

Open 

Large 

100 

7.96 

none 

none 

orchard 

medium 

100 

small 

100 

5.68 

Tables  2  and  3  record  the  yield  of  the  trees,  the  seed  eon- 
tent  of  the  apples  produced  on  the  enclosed  trees,  and  also 
the  seed  content  of  three  hundred  fmits  gathered  promiscu- 
ously from  the  neighboring  trees  of  the  same  age  in  the  same 
orchard.  The  trees  of  the  same  size  standing  adjacent  to 
those  covered,  produced  between  600  and  700  apples  each. 
The  very  light  set  of  fruit  on  the  covered  trees  gave  each 
fruit  an  opportunity  to  develop  without  contesting  with  others 
for  food  supply.  The  fmits  that  started  to  develop  had  to 
overcome  only  those  processes  of  abscission  which  originate  in 
the  imperfectly  fertilized  blossoms.  The  number  of  fruits  pro- 
duced by  the  trees  under  test  is  too  small  to  form  a  basis  for 
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TaMe  8,  A  Oomparteon  of  the  Seed  Content  of  Rome  Beantr  Trt^ 
dnced  by  Trees  That  Wer«  Covered  With  Olotb  Tents  During  the 
wmliig  Period  and  by  Tt«e8  tn  the  Open  Orchard. 


Treatment 
of  tree 

Size  trnit 

no.  apples  No. seed- 
cont.  but  1    less  ap- 
one  seed  1      pies 

Covered  with 
tent,  all 
inaecta  ex- 
eluded 

Large 

medium 

small 

24               3.68 
17               3.37 

3 

2 

Covered 
with  tent, 
Inclosing  a 
stand  of 
bees 

Large 
medium 

small 

7                 .85 

6            i.ie 

5               l.S 

1 

3 

2 

3 
2 
2 

Open 
orchard 

Large- 
medium 
small 

100 
100 

11.21 

9.78 
S.BZ 

none 

none 
none 

definite  conclusion,  but  seems  to  indicate  a  eloee  relationship 
between  sterility  and  seed  content  of  fruit. 

Over  one  tboosand  fruits  of  each  variety  of  the  normal  or- 
chard crop  were  examined  for  seed  content  and  no  seedless 
fruit  was  found.  The  fruits  prodaced  by  the  covered  Jonathan 
tree  had  a  very  low  seed  content.  Five  per  cent  of  these*  fruita 
contained  no  seed  and  sixty-fonr  per  cent  contained  only  one 
i^eed  each.  The  seedless  fruits  Vere  norma!  in  every  character- 
istic except  seed  content- 
There  is  no  indication  that  insect  pollination  modified  in 
any  way  the  results  secured  in  this  experiment.  The  normal 
condition  of  the  tree  was  not  disturbed  and  the  protection 
formed  by  the  tenta  at  blossoming  time  probably  grave  the  tree 
an  opportunity  to  avoid  the  elements  of  weather  that  thinned 
out  the  weaker  fruits  in  the  other  trees  In  the  orchard. 

POIXEN  PRODUCTION  AMD  8ELF-STEBILIT7 

The  amount  of  pollen  produced  by  a  variety  is  not  an  in- 
dication of  Ihe  degree  of  self-sterility  or  self-fertility  existing. 
Lewis  and  Vincent  (9)  give  the  pollen-bearing  habits  of  87 
varieties  of  apples  in  terms  of  "abundant,"  "medimn"  and 
"sby"  production.  Table  4  is  compiled  from  this  report  and 
shows  that  the  total  amount  of  pollen  produced  by  a  variety 
is  not  an  indication  of  the  degree  of  self-sterility  or  self-fer- 
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tility  that  may  exist.  The  fieures  seem  to  indicate  that 
abundEDt'  pollen  prodnction  and  self-sterility  are  opposing^ 
characters  but  the  number  of  varieties  considered  is  too  small 
to  warrant  definite  conclusions. 

Table  4,  ShowlnR  the  Per  Cent  of  Belf-sterlle  And  Partially  and  En- 
tirely Self-fertUiB  Vorietlen  Oltuwlned  According  to  PoUen 
Production 


No.  Of 
varlettee 

Pollen 
production 

Self  Bterlle 
vftrletlcB 

Partially  and  en- 
tirely seir-tertlle 
Tarfetiea 

26 
44 
17 

Abundant 

Medium 

Shy 

80%                          20% 
88%                          32% 
52%                             48% 

DURATION  OF  POLLZNATINa  PERIOD 

Self-sterility  does  not  seem  to  be  due  to  the  short  duration 
of  the  life  of  the  pollen  or,  fundamentally,  to  the  lack  of  vitali- 
ty of  the  pollen.  Germination  tests  of  the  pollen  from  most 
of  the  commercial  varieties  were  made  by  placing  the  pollen 
grains  in  sugar  solutions.  These  tests  failed  to  find  any  pollen 
that  showed  marked  weakness  or  lack  of  viability.  Sandsten 
(6)  found  that  pollen  four  months  old  would  show  38  per  cent 
germination  in  a  test  made  by  placing  the  pollen  in  a  sugar 
solution.  In  an  orchard  test,  pollen  was  collected  and  stored 
for  several  days  and  then  u^ed  with  the  result  indicated  in 
Table  5,  These  tests  were  sufficiently,  exhaustive  to  indicate 
that  the  period  of  viability  of  the  pollen  is  not  the  primary 
limiting  factor  in  creating  self-sterility.  Old  or  stored  pollen 
does  not  uniformly  give  better  results  than  fresh  pollen,  as 
the  fiRTires  presented  might  be  taken  to  indicate.  The  results 
here  presented  were  selected  from  tests  made  for  the  purpose 

Table  B.  Showlnfc  the  Per  Cent  of  Apple  Blossoiua  That  Set  Fmlt 

When  PoUlnat«d  With  PoUen  That  Had  Been  Stored  for 
^ _^ Several  Dayii 

Treatment  of  pollen 

Fresh  pollen 

Storert  fn  dark   14, 

Stored  In  dark      ; 21. 

Stored  !n  sunlight 14  . 

Stored  m  diffused  light   21. 

Stored  In  desiccator    21 . 
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of  determiniog  whether  the  vitality  of  the  pollen  is  a  controll- 
ing cauae  of  self-sterility  of  varieties  of  apples.  The  results 
eecared  with  the  fresh  pollen  were  good  and  compared  favor- 
ably with  those  secured  in  tests  of  cross-pollination  work.  The 
highest  per  cent  of  fruit  set  in  the  different  trials  with  the 
stored  pollen  is  given  in  the  table. 

The  length  of  time  during  which  the  pistil  is  in  the  receptive 
state  is  not  nearly  so  great  as  the  period  during  which  the 
pollen  remains  viable.  The  stigma  is  usually  receptive  within 
twelve  hours  after  the  blossom  opens.  If  pollinated  as  soon  as 
the  blossoms  open  and  fertilization'  takes  place,  the  stigma 
oflen  begins  to  shrink  and  wither  within  the  suceeedins 
twen'y-four  hours.  These  stages  of  development  vary  in 
length  with  the  vigor  of  the  tree,  the  variety,  and  the  weather 
condition  during  the  blossoming  period.  If  fertilization  doea 
not  take  place,  the  stigma  will  often  remain  in  a  perfectly 
turgid  and  apparently  receptive  condition  for  three  or  four 
days  or  even  longer  under  favorable  conditions. 
OBOSS-POLUNATION 

Inter-pollination  of  varieties  requires  the  over-lapping  of 
the  blossoming  dates  and  the  more  nearly  the  periods  coincide 
in  the  cross-fertilizing  varieties,  the  better  Js  the  opportunity 
for  a  satisfactory  set  of  fruit.  The  blossoming  periods  of  the 
varieties  commonly  gfown  in  the  Northwest  overlap  to  a 
^eater  extent  than  is  commonly  supposed.  Table  6  gives  the 
blossoming  data  collected  at  the  Experiment  Station  and  in 
the  Spokane,  Wenatchee  and  Yakima  Valleys,  The  blooming 
periods  of  varieties  are  nearly  constant  in  their  relation  to 
each  other.  The  difference  that  exists  is  slight  and  if  the 
varieties  are  wisely  selected,  will  seldom  be  great  enough  to 
prevent  a  good  set  of  fruit. 

The  length  of  the  blossoming  period  for  apples  is  abont 
nine  days,  but  from  the  first  blossom  of  the  season  to  the  last 
will  often  be  fifteen  to  twenty  days,  depending  upon  the 
weather.  Cool  weather  at  blooming  time  will  extend  the  per- 
iod and  warm  weather  will  shorten  it.  Dry  windy  weather 
will  also  reduce  the  length  of  the  period. 
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nrrSR-FERTILITT  OF  VAEIETIES 


Lewis  and  Vincent  (9)  found  that  varietiea  that  were  self- 
fertile  produced  more  fruit  and  larger  fruit  when  cross-pol- 
linated with  an  inter-fertile  variety.  This  fruit  also  had  a 
greater  seed  content  than  the  selfed  fruits.  Fletcher  (12) 
also  noted  marked  increase,  in  size  in  cross-pollinated  fruits. 
Gowcn  (3)  states  that  the  number  of  good  seeds  in  the  crossed 
apples  is  greater  than  in  those  which  are  selfed. 

Cross-pollination  does  not  insure  that  the  blossoms  pollinat- 
ed will  be  fertilized.  Tests  to  determine  which  varieties  were 
inter-fertile  and  inter-sterile  were  made  by  emasculating  the 
blossoms  to  be  used  aa  the  pistillate  ones  in  the  cross,  before 
the  blossoms  opened.  These  blossoms  were  th^i  covered  with 
paper  bags  which  were  securely  fastened  to  prevent  ingress 
of  insects  or  other  pollen-carrying  agents.  Just  before  the 
trees  were  in  full  blossom  the  emasculated  flowers  were  un- 
covered and  unmixed  pollen  of  the  pollen-bearing  varieties 
was  applied  to  the  pistils  and  the  covering  replaced.  These 
blossoms  were  kept  carefully  protected  until  they  had  fallen 
or  fruit  had  formed.  These  tests  were  made  in  the  Experi- 
ment Station  orchard  and  in  the  Spokane  Valley.  The  data 
secured  are  arranged  in  order  in  Table  7. 

Table  7,  Showliig  the  Pw  Cent  ot  Fmlt  Set  by  Crontm 


Bloaaom 

Pollen  variety      , 

No.  bloBBoms 

Per  cent  blo»- 

variety 

croBBcd 

aomB  Bet  fruit 

Chenango 

Graven  Btein 

93 

3.^6 

Chenango 

Jonathan 

62 

Chenango 

McIntoBh 

H8 

22.97 

EsopUB  (Splt- 

zenburg) 

Ben  DavlB 

146 

3.45 

EsopuB 

DellclauB 

111 

12.S1 

BBOPUB 

Jonathan 

112 

11.61 

EsopuB 

Mcintosh 

6S 

1.47 

EsopnB 

Rome  Beauty 

100 

2.0 

EBOpUB 

Stay  man 

108 

none 

Esopna 

Wagenor 

113 

16.93 

ESOpUB 

Wineaap 

106 

0.95 

Esopns 

Winter  Banana 

109 

11.01 

EBopuB 

Yellow  Newtown 

116 

7.7« 

Fatla  water 

Rhode   iBl'd  Greening 

2G 

Falla  water 

WInesap 

23 

none 

Famense 

Tompklna  King 

180 

4.4 
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Table  T  <coneii 

ned) 

NoTtToBomB' 

"PSHen  variety 

Per  cent  blos- 

crossed 

soms  set  frnlt 

Jonathan"       '~ 

~  130" 

Oldenburg 

274 

none 

Delicious 

99 

16.16 

Eaopus 

67 

none 

81 

8.64 

Jonathan 

34 

17.66 

Mcintosh 

94 

46.74 

Red    Aetrachan 

£6 

76.92 

Yellow  Transparent 

26 

72. 

Baldwin 

28 

Ben   Davis 

97 

'8!25 

Delicious 

103 

8.74 

Gravansteln 

74 

GHmes  Golden 

100 

19. 

Mcintosh 

100 

3.0 

Mcintosh 

107 

14.02 

Mcintosh 

91 

14.29 

Oldenburg 

60 

8.0 

Rhode   Isl'd   Greening 

S4 

Rome  Beauty 

110 

I7°27 

Rome  Beauty 

150 

16.67 

SUyman 

85 

none 

Tompkins   King 

24 

Wagener 

79 

7.69 

Wealthy 

51 

11.76 

WlD«sap 

104 

none 

Wlnosap 

24 

none 

Winter  Banana 

99 

3.03 

Yellow   Newtown 

66 

1.82 

Yellow  Transparent 

24 

4.17 

Baldwin 

26 

26.9 

Rhode  Isl'd  Greening 

25 

44.0 

Wealthy 

25 

32.0 

Wlneeap 

26 

none 

Baldwin 

2S 

38.46 

Eaopus 

99 

40.4 

Golden  Sweet 

144 

0.69 

Grimes 

101 

49.6 

Red    Astracban 

27 

66.56 

Stark 

309 

none 

Stayman 

.168 

Tompkins   King 

307 

.98 

Yellow   Newtown 

103 

11.66 

Ben  Davis 

161 

11.92 

Delicious 

73 

10.92 

B sop us 

164 

6.34 

Grimes 

60 

46.0 

Jonathan 

154 

6.84 

Mcintosh 

27 

33.33 

Mcintosh 

64 

none 

Salome 

136 

27.94 

Stayman 

77 

none 
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Table  7  (conUnaed) 


BlosBom 

Pollen  variety 

No.  blosoma  Per  cent  bios- 

variety 

crossed 

soms  set  fruit 

Rome  Beauty 

tompkina  King 

it} 

Rome  Beauty 

Wagener 

162 

14.47 

Rome  Beauty 

Wineeap 

94 

Rome  Beauty 

Wlnesap- 

41 

14.68 

Rome  Beauty 

Yellow  Transparent 

27 

87.0 

R.  I.  Greening 

BsopUB 

102 

none 

Salome 

Mcintosh 

98 

13.27 

Stark 

Golden  Sweet 

131 

Stayman 

Mclntoah 

60 

2.0 

Stayman 

Wealthy 

33 

none 

Twenty-Ounce 

EsopUB 

87 

6.9 

Twenty-Ounce 

Gravfcnsteln 

38 

Twenty-Ounce 

McIutoBh 

46 

2.17 

Wagener 

Ben  DaTls 

106 

7.62 

Wagener 

Delicious 

88 

4.08 

Wagener 

Bsopua 

96 

Wagener 

Gravensteln 

65 

20.00 

Wagener 

Jonathan 

92 

3.26 

Wagener 

Jonathan 

57 

8.77 

Wagener 

Rhode  Isl'd  Greening 

47 

6.9 

Wagener 

Mcintosh 

94 

none 

Wagener 

Rome  Beauty 

100 

26.0 

Wagener 

Rome  Beauty 

93 

1.08 

Wagener 

Stayman 

99 

none 

Wagener 

Tompklna  King 

26 

8.0 

Wagener 

Wlnesap 

116 

none 

Wagener 

Winter  Banana 

99 

Wagener 

Yellow  Newtown 

96 

none 

Winesap 

Delicious 

140 

none 

Wlnesap 

Delicious 

146 

none 

Wineeap 

Esopus 

169 

none 

Wlnesap 

Jonathan 

160 

none 

Wlnesap 

Rome  Beauty 

163 

-0.66 

Wlnesap 

Wagener 

168 

none 

Wlnesap 

Winter  Banana 

lOS 

none 

In  the  tests  for  inter-sterility  of  varieties,  the  results  se- 
cured were  not  uniform.  A  few  of  the  tests  showing  the  great- 
est Tariation  are  here  listed  to  emphasize  this  point. 


Jonathan  pollentzed  by  Mcintosh    3% 

Jonathan  pollenlsed  by  Mclntoah    -14% 

Rome  Beauty  pollenlzed  by  Mcintosh 33% 

Rome  Beauty  poUenlxed  by  Mcintosh    0% 

Wagener  pollenized   by  Jonathan    3% 

Wagener  pollenlzed   by  Jonathan    8% 

Wagener  pollenlzed  by  Rome  Beauty 26% 

Wagener  pollenlzed  by  Rome  Beauty   1% 
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Self-sterile,  self-fertile,  inter-sterile  and  inter  fertile,  are 
relative  and  not  positive  and  negative  characteristics  and  seem 
to  vary  with  the  general  well-being  of  plant  and  environ- 
ment in  which  the  plants  are  growing.  The  character  of 
weather  at  blossoming  time  is  of  importance  in  determining 
the  degree  of  sterility  that  may  exist.  The  self-sterility  and 
inler-sterility  of  varieties  may  often  cause  light  crops  of  fruits 
and  a  single  test  showing  self-fertility  of  a  variety  is  not  a 
safe  basis  for  broad  and  final  conclusions.  That  phase  of  the 
problem  is  a  subject  for  further  investigation  and  can  not  be 
reported  upon  here. 

The  degree  of  self-fertility  and  inter-fertility,  desirable  in 
commercial  orchards  is  theoretically  not  less  than  twenty  per 
cent.  In  some  orchards  five  per  cent  would  produce  good 
crops,  but  if  the  trees  are  well  primed  and  the  top  thinned 
to  produce  high-colored  fruit  a  better  rating  may  be  desirable. 
In  the  commercial  orchards  of  the  state  there  are  seldom  less 
than  two  and  usually  three  or  more  varieties  close  enough 
together  so  that  inter- pollination  is  abundant.  The  following 
varieties  of  apples  are  the  ones  grown  in  greatest  quantity 
in  the  state:  Arkansas  Black,  Arkan-:as,  Ben  Davis,  Black 
Ben  Davis,  Delicious,  Esopua  (Spi'zenburg),  Gano,  Qrime^ 
Golden,  Jonathan,  Bome  Beauty,  Stayman,  Wagener,  Wuie- 
sap,  Winter  Banana  and  Yellow  Newlown.  There  are  several 
other  varieties  grown  in  commercial  quantities  but  the  list 
is  short,  compared  to  that  grown  in  most  of  the  eastern  states. 
In  all  of  the  enquiries  made  in  visiiing  the  orchards  and  in 
correspondence,  there  has  not  been  found  an  orchard  contain- 
ing two  or  more  of  the  common  commercial  varieties  here  listed 
that  is  showing  indications  of  failure  due  to  self-sterility  or 
inter-sterility  of  varieties. 

INTLUENCE  OF  POLLEN  ON  FRUIT 

Wicks  (10)  worked  wi  h  Ben  Davis,  Jonathan,  Winesap  and 
Golden  Grimes  and  obtained  consistent  results  i^howing  that 
the  variety  of  pollen  exerted  no  dire-t  influence  in  modifying 
the  shape,  color  nr  quality  of  the  apple.  Some  have  found 
that  cross-pollination  increased  the  size  of  the  fruit  but  these 
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inTestigators  did  not  dissociate  perfection  or  completeaess  of 
fertilization  and  its  resulting  Btimulus  to  the  growth  of  the 
fruit  from  variety  influence  as  such.  The  erosges  made  in  this 
work  gave  a  good  opportunity  to  study  the  influence  of  the 
variety  of  pollen.  In  no  case  was  there  a  modification  of  the 
size,  shape,  color  or  quality  of  the  fruit  to  such  a  degree  as  to 
suggest  that  the  variety  of  pollen  was  a  causal  factor  in  such 
a  variation. 

OBOSS-POLLINATINO  AGENTS 

Apple  blossoms  are  visited  by  a  great  many  varieties  of  in- 
sects. Bees  were  more  numerous  than  any  other  species  in 
the  orchards  in  which  notes  were  taken  for  our  work.  Their 
abundance  and  great  activity  seem  to  justify  the  conclusion 
that  they  are  very  important  pollen-conveyors,  but  we  have 
not  been  able  to  find  conclusive  evidence  that  they  are  a  ne- 
cessity for  successful  cross-pollination.  Bees  travel  long  dis- 
tances in  visiting  blossoms,  but  in  many  sections  of  Washing- 
ton there  have  been  many  orchards  fruiting  quite  satisfactorily 
without  any  tame  bees  known  to-be  within  several  miles. 

The  abundance  of  many  kinds  of  insects  at  the  blossoming 
period,  and  the  eagerness  with  which  they  visit  the  blossoms, 
would  seem  to  indicate  that  in  many  districts  the  orchard 
pollination  work  is  quite  satisfactorily  done  by  other  insects. 

Wind  is  not  effective  as  a  cross-pollinating  agent.  Lewis 
and  Vincent  (9)  report  that  field  tests  gave  evidence  that 
apple  pollen  is  not  carried  from  tree  to  tree  by  the  wind  and 
that  it  is  seldom  carried  far  from  the  tree  top  in  which  it  ia 
produced.  Waugh  (7)  found  similar  conditions  existing  in 
plum  pollination.  The  fresh  pollen  of  apple  blossoms  is  not 
dry  and  dust-libe  and  is  not  easily  moved  by  wind.  The  pollen 
collected  from  the  old  dried  stamens  sticks  to  any  object  that 
it  touches.  Tests  were  made  by  using  a  fan  and  anemometer 
to  create  and  measure  air-movement.  Blossom  dusters  in  va- 
rious stages  of  development  were  exposed  to  wind  and  the  re- 
sults carefully  noted.  Wind  blowing  ten  miles  per  hour  did 
not  remove  the  pollen  from  the  stamens,  and  wind  blowing 
twenty  miles  per  hour  did  not  carry  the  pollen  from  the  blo» 
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Bom  clusters  and  adjoining  leaves.  Wind  blowing  ten  mJles 
per  hour  did  cause  the  stigmas  to  be  well  supplied  with  pollen 
from  the  same  flower, 

jum:  DROP 

June  drop  has  long  been  claimed  to  be  the  result  of  lack 
of  pollination,  although  little  work  of  a  definite  character  has 
been  done  on  the  problem.  Heinicke  (13)  gives  the  seed  content 
of  apples  that  had  fallen  and  those  that  were  still  attached  to 
the  tree.  The  figures  show  clearly  that  the  seed  content  of 
the  attached  apples  is  greater  than  of  the  fallen  fmit,  but  no 
distinction  was  made  between  the  seed  coats  that  contained 
kernels  and  those  that  did  not.  He  Buggests  "that  other  fac- 
tors, in  addition  to  fertilization  or  pollination  are  responsible 
for  the  set  of  fruit." 

June  drop  of  apples  as  it  has  occurred  in  the  Experiment 
Station  Orchard,  Pullman,  Washington,  is  not  limited  to  the 
month  of  June.  The  apples  fall  almost  continuously  from  the 
fall  of  the  blossoms  to  the  maturity  of  the  fruit.  The  fall  of 
the  flower  stems  begins  a  few  days  after  the  petals  drop.  If 
the  weather  following  the  blossoming  period  is  very  dry  and 
windy  or  very  cool  the  fall  is  very  rapid,  but  mild  weather 
with  little  wind  causes  the  flowers  to  fall  more  slowly.  Trees 
that  are  in  vigorous  condition  also  retain  the  flowers  and  flow- 
er stems  longer  than  those  that  are  poorly  nourished.  Varie- 
ties differ  also,  in  this  activity.  The  Jonathan  drops  its  blos- 
som material  quickly  and  quite  completely.  The  Esopus 
(Spitzenburg)  retains  many  of  its  flower  stems  throughout  the 
entire  growing  season.  The  most  rapid  fall  of  June  drop 
fruits  takes  place  before  mid-summer.  In  the  years  roost  fav- 
orable to  fruit  production  many  June  drop  fruits  attain  a 
diameter  of  one  inch  before  they  show  signs  of  falling. 

SEED  OONTENT  OF  JUNE  DROP  APPLES 

In  order  to  gain  information  about  the  relation  of  June  drop 
to  seed  production,  fallen  apples  were  gathered  from  the 
ground  under  the  tree  and  the  seed  content  ascertained.  The 
results  are  shown  in  Tables  8  and  9.    The  orchard  in  which  this 
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material  was  gathered  was  then  about  sixteen  years  old  and 
was  a  mixed  planting  of  Jonathan,  Rome  Beauty,  and  Gano 
varieties. 

Table  8  contains  data  in  which  a  distinction  was  made  be- 
tween normal  seeds  and  seeds  that  started  to  develop  but  did 
not  contain  embryos.  The  fruits  generally  contained  seed 
eoats  which  varied  greatly  in  the  degree  of  plumpness.  Some 
of  the  seed  eoata  were  empty  and  others  were  only  partially 
filled.  The  latter  contained  a  whitish  translucent  material, 
but  upon  careful  examination  we  found  that  it  was  not  an 
embryo.  These  seed  coats  were  not  counted  as  seed.  The  nor- 
mal seed  eould  be  easily  distinguished  by  the  pure  white  color 
of  the  flesh  and  the  true  cotyledon.  This  same  distinction  is 
made  in  Table  9. 


Lot  No. 

No.  Ot 
apples 

Diameter  of  apples    No.  of  truits  con- 
in  inches            taining  normal  seeds 

1 
2 
3 
4 

63 
21 
24 
53 

14 -VS                        none 
^4-91                        none 
S-1                                  4 
1-1  !4                        B3 

Lots  No.  1  and  2 — Fruits  were  gathered  from  the  ground. 

Lot  No.  3 — Fruits  were  still  attached  to  the  fruit  spura  but  the 
stems  had  turned  yellow  and  were  easily  removed  when  gathered 
July  17th. 

Lot  No.  4 — Fruits  were  green  and  apparently  normal  permanent 
set,  gathered  July  17th. 

Table  9  is  a  record  of  the  seed  content  of  June  drop  and 
hand-picked  apples  grown  under  different  cultural  conditions 
in  the  same  orchard.  The  field  peas  were  planted  in  early 
spring  for  the  purpose  of  producing  an  early  drouth  effei'  . 
The  Jonathan  tree  in  the  field  pea  plot  showed  plainly  the  ef- 
fects of  drouth  in  the  middle  of  July  when  the  fruits  were 
gathered.  The  Rome  Beauty  trees  were  on  a  little  lower  grnund 
and  at  that  date  were  showing  no  indication  of  suffering  f^r 
water.  All  ot  the  trees  in  the  clean  culture  plots  were  grow- 
ing vigorously  and  showed  no  indications  of  drouth. 
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Per  cent  ol  apples  con- 

a 

■5- 

1 

£t 

taining  seed  In  only 

Variety 

i 

|g 

P 

1 

1 

1 
1* 

it 

1 

1.  Jonotlum 

Held 
peas 

June 
drop 

July  3 

'""" 

47. a 

■il.l 

18,4 

"nr 

2.  Jonathan 

Clean 

culture 

June 

drop 

Julys 

982 

62.2 

18.4 

8.1 

0 

0 

3.  JoDatfaan 

Clean 
culture 

Hand 
picked 

July? 

325 

0 

0 

0 

27.6 

67.6 

4.  Rome 

Field 

June 

Julys 

991 

56.6 

22.2 

1B.3 

0 

0 

Beantr 

peas 

drop 

6.  Rome 

Clean 

June 

JulyE 

900 

63.3 

21.2 

15.7 

0 

0 

Beauty 

culture 

drop 

6.  Rome 

Field 

Hand 

July  7 

400 

0 

0 

0 

8.5 

22.3 

71.J 

Beauty 

peas 

picked 

The  fact  that  all  fruilR  not  containing  normal  seed  did  not 
drop  immediately  following  the  fall  of  the  petals  is  illustrated 
in  Figure  1,  which  shows  a  cluster  of  Gano  fruits  ranging  in 
size  from  that  of  apples  immediately  succeeding  the  fall  of 
petals  to  fruit  one  Inch  in  diameter.  Only  the  large  fruit  in 
the  center  contained  seed.  The  smallest  fruit  contained  only 
mdimentary  seed  coats.  The  other  three  contained  seed  eoats 
that  were  badly  shriveled,  but  did  not  contain  kernels.    All  but 


FlEure  1.     Cluster  of  Gano  apples. 
•     23 
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the  large  fruit  in  the  center  were  essentially  June  drops,  as 
the  stems  had  turned  yellow  and  they  were  easily  separated 
from  the  spur.  The  largest  fruits  in  Figure  2  contained  fiTe 
and  four  seeds  each  respectively.  The  others  which  are  June 
drops  contained  only  empty  seed  coats.    In  Figure  3  the  two 


Figure  2.     Cluster  ot  Jonathan  apples. 


Figure  3.     Cluster  of  Rome  Beauty  apples, 
largest  fruits  contained  five  seeds  each  and  the  others  which 
■were  June  drops  contained  only  empty  seed  coats. 

The  evidence  indicates  that  lack  of  fertilization  of  the  flow- 
ers is  a  causal  factor  in  the  June  drop  of  apples.  Paetors  of 
environment  that  would  tend  to  create  sterility  or  increase  the 
degree  existing  would  probably  tend  to  cause  the  abscission 
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of  weaker  fruits  and  those  in  which  only  a  small  per  cent  of 
the  ovules  are  fertilized.  A  ^ood  list  of  inter-fertile  varieties 
properly  pl&nted  will  form  an  orchard  that  will  fruit  with  the 
minimtua  loss  by  June  drop. 

SEED  CONTENT  OF  APPLES 

The  seed  content  of  the  apples  varies  greatly  in  the  different 
varieties.  Heinicke  (13)  and  Crandall  (14)  show  that  large 
fruits  contain  a  greater  number  of  seed  per  apple  than  small 
fruits  of  the  same  variety.  Heinieke  shows  that  there  are  other 
factors  than  seed  content  influencing  the  size  of  fruit. 

In  order  to  study  the  influence  of  the  seed  content  on  the 
growth  and  development  of  the  fruit,  100  clusters  of  Jonathan 
apples  in  which  there  were  two  fruits  of  equal  size,  were  lo- 
cated, the  fmits  gathered  and  the  seed  content  ascertained. 
On  the  same  date  100  clusters  of  two  fmits  each  of  unequal 
size,  were  located,  and  the  seed  content  noted.  This  is  shown 
in  Table  10  and  indicates  the  relation  of  the  seed  content  to  the 
size  of  the  fruit. 

The  apples  containing  the  greatest  number  of  seeds  grow 
more  rapidly  throughout  the  season.  The  size  of  the  individual 
fruit  may  be  modified  by  location,  with  reference  to  the  vigor 
of  the  spur  to  which  it  is  attached,  and  the  abundance  of  near- 
by foliage.  The  high  seed  content,  however,  seems  to  &timulate 
development  during  the  entire  growing  period. 

The  material  from  which  Table  10  was  compiled  was  collect- 
ed August  12th  and  showed  a  very  great  variation  in  size  and 
shape.    The  large  fruits  in  the  clusters  of  unequal  size  averaged 


Average  No. 

cells  cou- 

Character  ol  cluster 

fruits 

talDlng 
cells 

Fruits  o(  equal  size 

Fruits  of  highest 

100 

Fruits  of  lowest 

lOO 

2.52 

Fraits  of  nneqaal  size 

Large 

100 

4.45 

Small 

100 

2,94 
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the  largest  in  eize  of  all  fruits  used.  They  were  also  the  most 
nniform  and  best-shaped  of  any  of  the  four  lots.  The  fruits 
of  equal  size  were  usually  welt  formed  and  of  intermediate 
size.     The  smallest  fruits  were  most  frequently  one-sided  in 


Figure  4.     Cluster  of  two  Jonathan  apples. 

radial  diamutcr  as  well  as  in  length.  The  loeation  of  the  fruit 
in  the  blossom  cluster  seemed  to  have  no  relation  to  its  size. 
The  small  fruit  was  as  frequently  Ihe  cenler  of  the  terminal 
blossom  as  the  largest,  and  the  clusters  of  fruit  of  equal  size 
had  about  as  many  terminal  fruits  as  did  the  other  set.    Figure 
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4  shows  two  viewB  of  a  cluster  of  two  Jonathan  apples  of  un- 
equal size. 

SXED  CONTENT  07  ONE-SIDED  APPLES 

Further  study  of  the  influence  of  the  seed  content  of  apples 
on  size  and  shape  of  fruit  was  made  on  the  Gano,  Jonathan 
and  Rome  Beauty  varieties.  The  apples  were  sorted  into  two 
groups,  the  first  of  well-formed  fruits,  and  the  second  of  fruits 
one  side  of  which  was  longer  than  the  other.  No  attention  was 
given  to  the  lateral  radii  in  this  classification  except  in  the  lot 
designated  as  "Special"  in  Table  15.  Apples  of  the  types  rep- 
resented by  both  figures  five  and  six  were  included  in  the  one- 
sided group.  The  fruits  were  cut  snj  a  careful  record  made 
of  the  number  of  seeds  in  each  and  the  location  of  the  vacant 
cells  in  the  one-sided  fruits.  Data  showing  the  seed  content 
of  these  lots  are  presented  in  Tables  11  to  15,  inclosive. 

Relatively  few  of  the  apples  classed  as  one-aided  would  have 
been  classed  as  misshapen  in  (Commercial  grading.  The  num- 
ber of  fruits  given  in  each  lot  in  the  tables  does  not  indicate 
the  relative  number  of  such  fruits  in  the  crop.  On  July  17, 
1919,  of  764  June  drop  Rome  Beauty  apples  gathered  46.3% 
were  one-sided ;  and  of  803  Jnne  drop  Jonathan  apples  gathered 
on  the  same  date,  17.8%  were  one-sided.  June  drop  and  hand 
thinning  usually  remove  nearly  all  of  the  apples  that  are  so 
one-sided  as  to  be  classed  as  misshapen. 

The  size  of  the  fmit  was  a  fair  index  of  the  seed  content. 
The  larger  the  fruit  the  larger  the  number  of  seeds  it  contained. 
In  every  class  of  small,  medium-sized,  large,  and  very  large 
fruits,  the  well-formed  fruits  contained  more  seeds  than  did  the 
one-sided  fruite. 

The  one-aided  fruits  in  which  all  seed  cells  in  the  core  con- 
tained seeds,  averaged  nearly  as  great  a  seed  content  as  the 
well-formed  apples,  hnt  there  was  a  greater  percentage  of  the 
one-sided  apples  that  had  vacant  cells  in  the  core  than  in  the 
well-formed  fruits.  This  seenw  to  be  the  basis  of  the  difference 
in  total  seed  content  and  its  relation  to  the  form  and  size  of 
the  fmit  more  definitely  than  the  number  of  seeds  in  each 
cell.    The  figures  presented  in  Tables  12  and  13  and  14  indicate 
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that  the  average  seed  content  per  cell  of  the  filled  cella  in  the 
fruit  is  practically  the  same  in  the  one-sided  and  in  the  well- 
formed  fruits  of  the  same  size.  In  these  tables  it  is  clearly  in- 
dicated that  the  vacant  cells  of  the  fruit  are  closely  associated 
with  the  form  of  fruit  and  with  the  size. 

LOCATION  OF  VACANT  CABPELS  IN  APPLES 

The  location  of  the  vacant  cells  in  the  fruit  is  summarized  in 
the  data  presented  in  Table  15.  From  21.7%  to  31%  of  the 
fruits  of  the  Gano  apple  had  vacant  cells  in  the  short  side  only. 
The  largest  percentage  of  the  vacant  cells  was  in  the  short  side 
of  the  Bnialler  fruits.  The  larger  fruits  show  a  smaller  percent- 
age with  vacant  cells  and  a  stronger  tendency  to  develop  in 
normal  form.     The  same  is  true  in  all  varieties  worked  upon. 

The  lot  designated  as  "Special"  in  Table  15  is  Jonathan  and 
includes  only  the  fruits  that  have  unequal  lateral  radii.     This 
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lot  is  illustrated  by  Figure  6.  The  effect  of  empty  carpels  in 
modifying  the  form  of  the  fruit  is  more  striking  in  this  lot  than 
in  any  other.  It  was  necessary  to  sort  over  1000  to  secure  the 
60  specimens  used. 

The  basis  of  blossom  fertilization  for  perfect  fruit  prodnc- 
tion  is  here  indicated  to  be  the  five  carpels  in  each  blossom, 
and  unless  such  complete  pollination  and  fertilization  is  ac- 
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•complished  imperfect  fruits  will  be  abimdaDt  in  the  crop.  The 
seed  development  la  not  an  absolute  necessity  for  the  fruit  de* 
velopment,  but  the  seed  content  of  the  fruits  recorded  in  these 
tables  indicates  that  the  seed  development  in  each  cell  of  the 
core  stimulates  most  directly  the  development  of  the  flesh  ad- 
jacent to  that  cell. 

Figure  6  illustrates  the  condition  commonly  found  in  apples 


Figure  6. 
view    ot    a    n 
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is 

■s 

_.!„ 

^ 

Gano~ 

Total  No. 

apples    

203 

594 

239 

932 

190 

872 

115 

784 

Av.  No.  seeds 

per  apple    . 

5.8 

6.8 

6.6 

6.8 

7.2 

7,7 

7.7 

7.9 

Jonathan — 

Total  No. 

apples    ..., 

241 

260 

229 

271 

173 

326 

Av.  No.  seedB 

per  appio    . 

4.4 

4.9 

4.5 

6.8 

B.2 

7.2 

Rome  Beauty 

Total  No.    .  . 

apples    

569 
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452 
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809 

Av.  No.  seeds 

per  apple    . 

6.2 

6.2 

7. 

7.7 

7.7 

8.3 

8.3 

9.2 
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which  are  very  much  one-sided.  Two  or  more  adjacent  vacant 
cells  are  quite  uniformly  in  the  small  side  of  the  fruit.  Fruits 
with  one  vacant  cell  are  well  illuatrated  in  Figure  5,  The  vacant 
cell  in  such  fruits  is  frequently  located  independently  of  any 
one-sided  development  that  may  exist.  Very  few  clearly  one- 
sided fruits  were  foond  which  did  not  contain  vacant  cells  in 
the  short  or  small  side. 
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Self-ster titty  Is  more  c9bmon  among  varieties  of  apples  than  Is 
aelf-fertlljty. 

Self- fertility  fs  not  a  fixed  character  bnt  varies  with  the  general 
well'belns  of  the  fruiting  spurs  of  the  tree. 

The  period  ol  rlablllty  of  the  pollen  is  not  a  limiting  factor  In 
ItlosBomlng  fecundation. 

Varietal  differences  In  pollen  exert  no  direct  Influence  on  the 
size,  shape,  color  or  quality  of  the  fruit  produced. 

Insects  are  the  principal  cross-pollenlilng  agencies  In  apple 
orchards. 
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Tbe  failure  of  the  apple  to  produce  seed  Is  Intimately  asBoclBted 
with  June  drop.     June  drop  frnits  contain  few  or  no  aeeda. 

The  number  of  seeds  that  apples  contain  varies  In  proportion  to 
the  size  of  the  fruit. 

Apples  that  are  eitremely  one-sided  so  that  tbe  lateral  radii  are 
markedly  unequal  usually  have  empty  carpels  in  tbe  small  side  and 
filled  ones  in  the  large  oide. 

In  Washington  the  most  popular  commercial  varieties  ot  applea 
seem  to  be  satisfactorilj  Inter-fertile. 
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Investigations  in  Dry  Farm  Tillage 


Location  and  Control  of  the  Branch  Station: 

The  Adams  Branch  Experiment  Station  was  established  in 
1915  for  the  investigation  of  dry  farming  problems.  The  sta- 
tion farm,  located  3  miles  northeast  of  the  town  of  Lind,  is  the 
property  of  Adams  County,  being  leased  at  a  nominal  figure  to 
the  Washington  Agricultural  Experiment  Station  for  experi- 
mental purposes.  Until  September  30,  1920,  the  Office  of 
Cereal  Investigations,  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  co-operated  in  maintaining 
the  station. 

The  field  work  of  the  experiments  reported  in  this  bulletin 
was  done  on  the  Adams  Station  farm. 

Limitatloiis  in  Applying  Results  and  OoncloBiona: 

Dry  fanning  is  used  in  a  very  elastic  way  to  designate  the 
growing  of  crops  without  irrigation  under  a  wide  variety  of 
semi -arid  to  arid  conditions.  In  this  bulletin  the  term  is 
limited  to  apply  only  to  the  typical  summer-fallow  system 
practiced  in  the  Western  United  States  under  conditions 
where  natural  precipitation  is  the  direct  limiting  factor  in 
crop  production.  The  prime  object  of  the  summer-fallow,  in 
this  case,  is  the  conservation  of  moisture;  and  the  affect  of 
tillage  variations  on  the  moisture  content  of  the  soil  follow- 
ing the  year  of  fallow  is  the  chief  factor  which  makes  one 
method  or  system  superior  or  inferior  to  another. 

It  is  taken  for  granted  that  the  summer-fallow  and  its  place 
are    generally   understood   by   the    readers   of   this    bulletin. 

'AcKnowledgement.  The  authors  wish  to  acknowledge  the  help- 
ful advice  of  Prof.  F.  J,  Siovera,  Head  of  the  Department  of  Soils 
ot  the  State  College  of  Washington,  and  the  suggestions  of  Mr. 
H.  M.  Wanser.  Assiatant  in  Soils  and  Crops  on  the  Adams  Branch 
Experiment  Station,  and  to  thank  Mr.  Dan  Krchbiel,  Lind,  Washing- 
ton, for  suppling  his  rainfall  record  for  the  period  ISST-lSOfi, 
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opinion  may  vary  as  to  the  average,  annual  rainfall  above 
which  the  aumraer-f allow  system  is  UDneeessary,  but  within  the 
limits  hereafter  outlined  there  can  be  no  doubt  of  its  necessity. 

It  is  difficult,  if  not  impossiblej  to  place  definitely  the  an- 
nual precipitation  below  which  moisture  becomes  the  direct 
limiting  factor  in  production.  In  this  general  area,  however, 
observation  and  experimental  evidence  indicate  that  with  an 
annual  rainfall  of  15  inches  or  more,  the  beneficial  effects  of 
the  fallow  on  yield  are  due  not  so  much  to  added  moiatnre, 
as  to  the  influence  of  tillage  on  nitrification.  Each  year,  as 
rainfall  is  above  or  below  normal,  this  limit  varies  in  either 
direction,  and  it  cannot  be  assumed,  therefore,  to  define  ex- 
actly the  area  where  the  chief  purpose  of  the  fallow  is  to 
conserve  moisture.  However,  as  a  rough  dividing  line,  it  will 
serve  as  well  as  any  other. 

Experimental  data  will  be  discussed  and  applied,  therefore, 
in  the  light  of  conditions  as  found  in  that 'part  of  Washington 
where  the  annual  rainfall  is  15  inches  and  less.  (See  Figure 
1).  The  results,  however,  are  most  directly  applicable  to  the 
localities  of  lower  rainfall  in  this  area.  In  any  case,  it  munt 
be  understood  that  conclusions  and  suggestions  are  based  on 
soil  and  climatic  factors,  and  especially  on  the  amount,  nature 
and  distribution  of  rainfall  peculiar  to  this  region  as  a  whole. 

Where  the  beneficial  effects  of  the  fallow  are  due  almost 
entirely  to  the  influence  of  tillage  on  nitrification,  the  si^ges- 
tions  of  this  bulletin  are  not  intended  to  apply. 

THE  EXTENT  AND  IMPORTANCE   OF  DRY  FARMZNO 
IN  WASHXNGTON 


The  preliminary  report  of  the  14th  census,  issued  by  the 
Bureau  of  the  Census.  United  States  Department  of  Commerce, 
places  the  improved  farm  lands  of  the  state  in  1920  at 
7,129,243  acres.  The  same  report  shows  the  improved  acreage 
receiving  a  rainfall  of  15  inches  or  less,  assumed  in  this  case  as 
the  limit  of  dry  farming,  to  be,  exclusive  of  irrigated  lands,  ap- 
proximately 3,161,500  acres,  (This  latter  figure  is  partly  esti- 
mated in  certain  counties  on  the  dividing  line,  but  the  esti- 
mates, based  on   U,   S.   Weather  Bureau  statistics,  are   con- 
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Bervative).  On  this  basis,  45  per  cent  of  the  present  improved 
area  of  the  state  ia  dry  farmed.  Contemplated  irrigation  will 
probably  eventually  cover  the  drier  lands  of  this  district,  yet 
allowing  for  a  maximum  deveiopmeat  of  irrigation,  when  the 
shifting  nature  of  the  limit  assumed  for  dry  farming  is  con- 
sidered, it  is  reasonable  to  estimate  that  20  to  25  per  cent  of 
the  state's  total  improved  acreage  will  always  be  dry  farmed 
if  continued  in  production. 

In  1919,  the  state  produced  in  round  numbers  40,000,000 
bushels  of  wheat.  The  district  receiving  less  than  15  inches 
of  rainfall  produced  15,100,000  bushels,  or  37.5  per  cent  of 
the  total  (1). 

OUBIATE  AND  RAINFALL 

The  geography  and  topography  of  central  Washington  have 
such  an  Important  bearing  on  climate,  that  they  should  be 
briefly  considered  in  discussing  this  factor  (2). 

This  portion  of  the  state  is  a  more  or  less  rolling  plateau, 
with  a  generally  increasing  elevation  from  the  south  and  west 
toward  the  north  and  east.  (See  Figure  1).  On  the  west  are 
the  Cascade  Mountains.  These  mountains  shut  off  the  district 
from  direct  oceanic  influence,  and  have  a  decided  effect  on 
prevailing  climate. 

Prevailing  winds  are  from  the  west,  and  are  the  chief  source 
of  precipitation.  In  crossing  the  mountains  much  of  the  mois- 
ture is  lost  from  the  air  in  rain  or  snow.  When  this  same  air 
descends  on  the  eastern  slopes,  due  to  increasing  temperature 
with  pressure  (2),  its  moisture  capacity  increases.  The  result 
is  a  region  of  low  rainfall  and  high  evaporataion  east  of  the 
mountains. 

After  the  air  currents  have  passed  on  over  the  low  interior 
valleys  and  again  rise  toward  the  north  and  east,  their  mois- 
ture holdii^  capacity  gradually  decreases,  and  there  is  a  more 
or  less  regular  increase  in  annual  rainfall  with  increase  in 
altitude.  Local  changes  in  topography,  as  they  influence  lo- 
cal air-currents,  may  modify  local  rainfall,  but  for  the  area 
as  a  whole  the  above  general  statement  holds  true.  (See 
Table  1). 

"    7 
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The  wide,  treeless  plains  offer  little  obstruction  to  the  pass- 
age of  winds,  which  at  certain  periods,  are  almost 
constant.  The  evaporative  affect  of  these  winds  complicates 
the  moisture  problem,  and  the  blowing  of  certain  ligljter  soil 
types  adds  to  the  difficulties  of  tillage. 

Temperatures  vary  over  rather  a  wide  limit.  During  each 
summer  there  are  periods  when  at  some  point  the  temperature 
goes  as  high  as  100  degrees  F.,  or  more,  and  winter  tempera- 
tures may  go  as  low  as  20  or  30  degrees  F,  below  zero,  but  in 
either  case  such  periods  are  usually  of  short  duration. 

Evaporation  is  active  during  much  of  the  year,  and  is  es- 
pecially important  in  its  affects  on  moisture  conservation  dur- 
ing the  fall  and  spring. 

Precipitation  occurs  chiefly  in  the  fall,  winter  and  spring; 
and  the  summers  are  comparatively  rainless.  Rains  are  char- 
acteristically gentle,  and  are  seldom  of  great  volume  at  any 
one  time.  A  portion  of  the  precipitation  always  occurs  as 
snow,  the  proportionate  amount  having  an  important  bearing 
on  tillage  methods. 

In  Table  1  are  given  average  annual  rainfall  and  other  com- 
parative data  for  certain  representative  points  within  the 
area.  (See  Figure  1  for  the  location  of  these  points).  Month- 
ly and  annual  precipitation  data  for  the  experiment  station 
farm,  covering  the  period  from  September  Ist,  1897,  to  August 
31st,  1906,  are  given  in  Table  2,  and  for  the  period  of  the  ex- 
periments, September  Ist,  1916,  to  August  31st,  1920,  in  Table 
3.  This  division  of  the  precipitation  year  is  adopted  because 
it  conforms  more  nearly  to  the  actual  beginning  of  the  fallow 
and  the  ending  of  the  crop  year  than  does  the  calendar  year. 

The  data  of  Table  1  explain  why  results  in  crop  yield  or 
in  the  operation  of  different  methods  vary  so  widely  within 
the  area  as  a  whole.  A  study  of  Tables  2  and  3  strikingly 
points  out  the  severity  of  moisture  conditions  during  the  per- 
iod of  the  experiments.  The  three  tables,  considered  together, 
show  that  not  only  is  there  variation  with  locality,  but  also 
from  year  to  year,  or  over  a  period  of  years  for  each  indi- 
vidual locality.  Granting  the  necessity  of  varying  methods 
with  locality,  these  data  indicate  the  desirability  of  equal  varJa. 
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tion  even  on  the  same  farm  from  year  to  year,  and  emphasize 
the  necessity  of  a  knowledge  of  the  effect  of  these  variations 
on  the  result  of  any  given  operation,  in  order  to  manipulate 
practice  intelligently. 

Table  1;      AlUtnde,   Annaal  Rainfall,   SoU-Nitrosen,   and   SoQ-Trpe 

as  Mtutsored  by  Silt  Content,  at  Typical  Points  In 

East«7i  Waslldngton 


Station 

< 

Rainfall 

1 

%i 

1 

o 

Feet 

Inches 

Percent 

Percent 

Miles 

370 

T.3 

0.0115 

20 

0 

Hatton 

1100 

9.7 

0.0430 

44 

Llnd 

1750 

11.8 

0.0650 

45 

S5 

RltzvlUe 

ISGO 

12.6 

0.0900 

S3 

1925 

15. B 

0.1260 

108 

Rosalia 

2400 

19.4 

0.1700 

13S 

Pallman 

2550 

21.5 

0.2130 

70 

148 

Note: — The  data  for  rainfall  and  altitude  are  taken  from  U.  S. 
W.  B.  reporta.  The  nitrogen  data  are  taken  from  Bui.  S5  of  the 
Washington  Experiment  Station  and  from  original  determlnationa 
br  the  Junior  author.  The  data  on  silt  are  from  original  data  of 
the  Junior  author.  The  distance  given  from  Rosalia  to  Pullman 
Is  the  west  to  east  distance. 
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SOILS 

The  soils  ol  central  Washington  are  basaltic  in  origin. 
There  are  differences  of  opinion  as  to  their  early  geologic 
fonnatioii,  but  in  any  case,  they  have  tmdoabtedly  been  modi- 
fied in  recent  periods,  especially  in  location,  by  winds. 

Soil  type  varies  with  elevation  and  rainfall,  the  sandier 
soils  being  found  at  the  lower  elevations,  as  is  the  lightest 
rainfall.  Type  grades  through  sandy  loams,  fine  sandy  loams, 
very  fine  sandy  loams,  and  silt  loams.  The  sandier  types  are 
subject  to  drifting.  Figure  2,  based  on  Table  1,  shows  graph- 
ically the  relation  of  soil  type,  as  measured  in  this  case  by 
silt  'content,  to  altitude  and  precipitation. 


RtLATion  or  altitudl  tb  precip- 

JTATJOM;  iOIL  TYPE.  AMD  30IL  MITTWCU 


.,--"V 


mMK  RpUUA    POUHMt 

Ftgare  2.  This  graph  Is  based  on  the  data  of  table  3.  It  sbowa 
tbe  uniformity  of  variation  in  rainfall  and  In  boII  type  and  condi- 
tion tbrouBhout  the  dry-farming  district  of  the  state  of  Waahlng- 
ton.  Altitude  at  any  given  point  In  tbis  area  may  be  used  as  a 
rough  measure  In  determining  the  probable  value  of  the  other  lac- 
tors  abown  in  this  graph.  The  different  points  taken  as  representa- 
tive of  this  variation  are  shown  on  figure  1. 

As  an  illustration  of  the  uniformity  of  the  soils  of  the  area, 
and  to  identify  the  soil  type  upon  which  work  was  done,  the 
mechanical  analysis  of  the  soil  on  the  Adams  Experiment  Sta- 
tion farm  by  feet  to  a  depth  of  four  feet  is  given  in  Table  4. 
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Sample 

Si 

o. 

§1 

1. 

11 

ill 

1 

let  Foot  . . . 
2d  Foot   . . . 
3d   Foot    .  . . 
4th    Foot    .  . 

0.00 
0.00 
0.00 

0.00 

0.08 
0.08 
O.Il 
0.06 

0.13 

0.08 
0.14 

0.05 

9. 82 
8.68 
8.04 
6.10 

45.88 
46.75 
62.01 
50.24 

45.05 
44.40 
39.70 
43.45 

100.96 
99.99 

100.00 
99.90 

This  soil,  a.  very  fine  sandy  loam  of  the  Ritzville  series,  is 
ao  average  soil  of  the  district.  It  is  just  on  the  border  line 
of  those  types  tending  to  drift,  yet  proper  management  will 
control  that  tendency.  The  great  predominance  of  very  .fine 
sand  and  silt  in  its  make  up  ia  evident.  Physically,  were  it 
not  for  the  tendency  to  blow,  it  would  be  an  ideal  dry  farm- 
ing soil.  The  wilting  point  of  this  soil  is  at  a  moisture  con- 
tent of  about  3.8  per  cent  as  determined  after  crop  maturity, 
it  being  assumed  that  the  crop,  under  the  rather  extreme  pre- 
vailing condition,  will  remove  the  entire  available  moisture 
supply.  When  moist,  this  soil  works  into  an  ideal  condition, 
but  if  tilled  dry,  the  absence  of  clay  and  organic  binding  ma- 
terial causes  a  dusty,  flour-like  condition  which  is  far  from 
desirable. 

The  soluble  salt  content  is  high.  This  has  a  bearing  on 
the  availability  of  plant  foods,  and  possibly  on  moisture  re- 
lations. The  continued  efficiency  of  the  soil  mulch  and  cer- 
tain problems  in  plow-sole  formation  are  also  influenced  by  this 
factor. 

In  essential  plant  food  elements,  this,  and  similar  soils  nre 
reasonably  well  supplied.  Potash  and  lime  are  abundant  and 
phosphorus  is  relatively  so.  Nitrogen  and  organic  carbon, 
the  latter  important  chiefly  because  of  its  bearing  on  physical 
condition,  are  the  soil  elements  most  deficient. 

INVESTIGATION^ 

Much  investigational  work  has  been  reported  which  covers 
ground  similar  to  that  of  this  bulletin.  The  most  of  this  work, 
however,  has  been  done  under  comparatively  favorable  dry 
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farming  conditions,'  and  suggestions  based  on  such  experi- 
mental results  have  not  always  applied  under  lighter  rainf&ll. 

The  period  covered  by  the  experiments  herein  reported  has 
been  one  of  abnormally  low  rainfall  with  frequent,  drying 
winds.  (See  Tables  2  and  3).  This  extreme  condition  has 
given  promiHence  to  the  operation  of  certain  principles,  which 
it  is  believed  are  masked,  if  operative  at  all,  under  a  more 
abundant  moisture  supply  and  a  lower  rate  of  evaporation. 
A  study  of  climatic  data  indicates  that  as  dry  a  period  of 
similar  duration  may  not  immediately  reoccur  on  the  Adams 
Experiment  Station,  yet  the  condition  is  continuous  in  some 
of  the  drier  sections  of  the  state,  and  is  of  more  or  less  in- 
termittent occurrence  in  all  localities. 

All  of  these  facts  justify  the  .offering  of  data  covering  a 
more  limited  time  than  might  otherwise  seem  desirable. 

FIELD  OPERATIONS  AND  STUDIES 

Field  work  in  these  experiments  was  done  on  two  series  of 
one-twentieth  acre  plots.  These  plots  were  alternately  fal- 
lowed and  cropped,  one  series  being  in  fallow  and  one  iu  crop 
each  year.  All  were  treated  the  same,  except  in  preparing  and 
maintaining  the  fallow.  It  was  originally  intended  to  use 
winter  wheat  in  cropping,  but  seasonal  conditions  prevented 
adherence  to  this  plan.  The  crops  of  1918  and  1920  were  spring 
wheat.  Early  Baart  ("W ash.  326),  and  that  of  1919  was  winter 
wheat,  Turkey  Red  {Wash.  326).  However,  there  is  nothing  in 
the  data  secured  which  indicates  that  this  variation  has  in  any 
way  materially  changed  results. 

Local  practice  limits  tillage  of  the  fallow  after  plowing  to 
that  necessary  for  weed  control.  In  these  experiments,  the 
one  variation  from  this  practice  was  in  the  use  of  the  spring- 
tooth  harrow  immediately  after  the  plow,  except  in  special 
cases,  which  are  noted.  A  home-built  weeder  of  the  rod  or 
bar  type  was  used  in  controlling  weeds.  This  was  used  twice 
each  summer.  Later,  scattering  weeds  were  cut  with  a  hoe, 
this  being  the  practice  of  the  community.  All  plots  were  har- 
rowed just  previous  to  seeding.    A  hoe  drill  was  used  in  this 
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latter  operation,  the  ridging  effect  of  this  implemeDt  making 
it  superior  to  other  types  for  use  on  soils  tending  to  blow. 

A  record  of  yield  and  other  agronomic  data  was  taken,  for 
each  plot. 

Tillage  variations  are  given  in  the  tabulation  of  data. 
(See  Table  13). 

SOIL    SAMPLING 
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Figure  3.  Tbla  diagram  represents  the  penetration  o(  moisture 
In  a  tleld  soil  on  the  Adama  Experiment  Station,  March  7.  1921, 
Measurements  were  taken  on  the  wall  ot  a  trench  15  feet  long  and  4 
feet  deep.  It  illustrates  the  necessity  of  taking  soil  samples  to  a 
standard  depth  well  below  the  average  depth  of  moisture  penetra- 
tion, and  alao  the  neceesltr  ot  talcing  a  comparatively  large  number 
of  samples'  to  secure  reliable  compoBltea.  In  taking  aoll  samples 
below  the  depth  of  moisture  penetration,  great  difficulty  ta  expe- 
rienced in  withdrawing  the  dry  soli  with  an  ordinary  soil  auger. 
Figure  4  illustrates  a  special  auger  used  in  this  work. 


Figure  4.  A  Soil  auger  designed  by  the  Junior  author,  tor  taking 
samples  In  sandy  soil  types  in  the  dry  condition.  This  is  a  very 
satisfactory  Instrument. 
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HOISTUBE  AND  MITBATE  STTTCIES 

To  determine  as  nearly  as  possible  the  cause  of  yield  varia- 
tions, moisture  and  nitrate-nitrogen  data  were  secured  each 
year,  in  the  spring  at  the  beginning  of  the  crop  season,  and 
in  the  fall  after  the  crop  was  removed.  The  end  result  is 
the  true  measure  of  the  efficiency  of  any  method  or  system, 
and  the  soil  content  of  moisture  and  i^trate-nitrogen,  at  the 
beginning  of  the  crop  season  after  the  year  of  fallow,  are  the 
most  important  data  in  this  case.  Limited  facilities  prevented 
more  detailed  studies. 

Soil  Sampling 

One  of  the  most  prominent  difficulties  in  soil  inv^tigations 
lies  in  sampling  (3,  i,  5).  In  these  studies,  samples  were  taken 
on  each  of  the  two  opposite  end  areas  of  the  one-twentieth 
acre  plots,  the  plots  being  132  feet  by  16.5  feet.  Not  less  than 
three,  and  usually  four  borings  were  made  in  each  area.  Com- 
posites were  then  made  by  thoroughly  mixing  the  entire  mass 
of  all  borings  to  represent  each  area.  Analytic  determina- 
tions were  made  from  these  composites,  the  closeness  of  check- 
ing of  the  results  from  the  two  areas  determining  the  neces- 
sity of  further  sampling.  Sampling  was  continued  until  satis- 
factory checks  were  secured. 

Jloistiire  penetration  in  a  field  soil  under  dry  farm- 
ing conditions  is  not  regular  and  uniform  (see  Figure 
3),  and  it  is  not  possible  to  take  samples  only  to  the 
depth  of  moisture  penetration  and  secure  results  at  all 
.satisfactory.  Accordingly  all  samples  were  taken  to 
a  uniform  depth  of  four  feet,  this  being  well  below  the  depth 
of  average  moisture  penetration  during  the  period  of  these 
experiments.  This  depth  was  also  satisfactory  for  nitrate 
sampling,  since  the  nitrates  correspond  in  location  to  the  soil 
moisture  and  are  not  found  in  appreciable  amounts  below  the 
depth  of  moisture  penetration. 

The  presence  of  a  growing  crop  modifies  soil  condition  and 
increases  the  probability  of  error.  This  is  especially  true  of 
wheat  after  it  has  begun  to  tiller,  the  error  before  this  period 
from  crop  influence  being  negligible.  All  samplinig  for  these 
studies  was  done  before  the  crop  began  to  grow  actively. 
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Analytic  MetbodB 

The  moisture  content  was  determined  by  drying  10-gram 
aamples  of  the  well  mixed  composites  ia  an  electric  oven.  The 
field  soil  on  the  station  farm  weighs  75  pounds  per  cubic  foot 
on  a  moisture  free  basis.  Using  this  weight,  soil  moisture  was 
calculated  in  tons  per  acre  to  a  depth  of  four  feet. 

Nitrate  determinations  were  made  by  the  phenoldisulphonic 
acid  method  (6)  with  modifications.  This  method  has  been 
questioned,  but  it  is  the  best  at  hand  for  a  study  of  this  nature. 
The  large  number  of  samples  to  be  run  in  a  limited  time  make 
the  simplicity  and  rapidity  of  the  method  strong  factors  in 
its  favor.  This  is  especially  true  on  a  branch  station  where 
laboratory  help  is  limited.  In  any  case,  the  probable  error 
of  field  sampling  (3,  4,  5}  is  greater  than  that  of  any  meth- 
od of  analysis,  and  comparative  data  are  the  best  that  can  be 
expected. 

EXPEKIMCHTAL  DATA 

The  use  of  the  data  secured  in  formulating  conclusions 
might  be  questioned  because  of  the  comparatively  alight 
spread  observed  in  many  instances,  and  because  of  discrepan- 
cies that  occur.  The  low  rainfall,  however,  naturally  tends 
to  briog  all  results  to  a  more  nearly  common  level,  and  per- 
centagely  the  differences  are  as  large  as  are  found  with  better 
yields.  Slight  differences,  if  isolated,  are  not  a  valid  basis  for 
conclusions,  but  in  this  case,  where  there  are  a  comparatively 
large  number  of  slight  variations  all  pointing  in  the  same 
general  direction,  it  seems  justifiable  to  use  the  data  in  de- 
veloping at  least  general  principles,  provided  not  too  great 
an  emphasis  is  placed  on  detail.  Unexplained  discrepancies 
emphasize  the  need  for  additional  investigation. 

Yield  data  are  more  inconsistent  than  any  other  secured. 
There  is  a  broad  general  relationship  between  grain  yield  and 
total  soil  moisture,  and  between  straw  yield  and  total  soil 
nitrate-nitrogen,  but  unexplained  exceptions  are  so  frequent 
that  by  them£elves  yield  data  are  not  a  valid  basis  for  deter- 
mining the  real  effect  of  tillage  variations.  Yield  is  the  sum 
total  result  of  all  factors,  and  the  factors  are  so  little  under- 
stood under  dry  farming  conditions  that  apparent  discrepan- 
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cies  are  not  always  explainable.  In  interpretation,  therefore, 
moisture,  nitrate-nitrogen,  and  yield  data  mnat  all  be  con- 
sidered. 

In  discusging  practice  in  presenting  the  data,  there  are  cer- 
tain facts  of  universal  knowledge  which  are  taken  for  granted 
and  are  assumed  in  any  discussion.  Any  practical  farmer 
knows  without  it  being  specifically  mentioned  that  the  fal- 
low must  be  kept  clean. 

In  the  presentation  and  later  discussion  of  data  it  is  ia- 
tended  to  develop  principles  of  moisture  conservation,  based 
on  the  data,  and  this  point  of  view  should  not  be  confused  by 
the  reader  with  the  management  side  of  the  problem.  A  state- 
ment of  the  superiority  of  any  specific  method  in  conserving 
moisture  may  be  correct  and  necessary  for  a  complete  under- 
standing of  the  operation  of  a  given  principle  imder  all  con- 
ditions, and  yet  the  method  from  a  management  standpoint 
may  be  undesirable  for  various  reasons.  Where  objections 
exist  to  any  method  or  system  from  the  management  side  of 
the  problem  they  will  be  mentioned,  but  they  will  not  be 
stressed  in  this  discussion. 

DATE  OF  PLOWINQ  FOB  FALLOW 

The  date  of  plowing  is  important,  both  directly  in  its  effect 
on  crop  yield  and  indirectly  in  the  distribution  of  labor. 

It  has  been  pointed  out  that  variation  in  soil  tj-pe  and  the 
amount  of  rainfall  are  general  within  the  area  covered  by 
the  discussions  of  this  bulletin.  (See  Table  I  or  Figure  3).  It 
is  necessary,  therefore,  in  applying  conclusions  based  on  these 
data  to  the  entire  area,  to  consider  the  data  from  the  stand- 
point of  soil  and  climatic  condition  and  the  part  that  varia- 
tion in  such  condition  has  had  in  the  result. 

Date  of  plowing;  should  not  be  considered  only  as  a  matter 
of  time,  but  rather  as  a  matter  of  soil  and  climatic  condition. 
The  fall  dates  of  plowing  represent  dry  and  wet  plowing  with 
a  major  moisture  absorption  period  immediately  following 
the  plowing.  The  spring  dates  represent  plowing  done  after 
the  moisture  absorption  period  is  partially  or  completely 
passed  for  that  season,  and  with  a  succeeding  period  of  high 
evaporation  before  another  major  absorption  period  comes. 
17 
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Each  spriag  date  is  a  variation  within  this  Tariation.  March 
Ist  plowing  is  plowing  done  when  the  moisture  content  of  the 
surface  soil  is  largest  in  amount,  early  enough  that  evapora- 
tion is  not  as  rapid  as  somewhat  later,  and  while  moisture 
is  still  falling  on  the  newly  turned  soil.  June  Ist  plowing 
represents  the  other  extremes,  the  soil  being  dry,  evaporation 
at  a  maximum,  and  rainfall  havii^  practically  ended  for  the 
season.  April  10th  plowing  is  intermediate  between  the  other 
two.  At  this  date,  total  soil  moisture  is  still  practically  as 
high  as  at  the  earliest  date,  but  evaporation  is  more  active 
and  the  plow  layer  is  less  moist  and  dries  more  quickly  after 
turning.     Less  moistnire  also  falls  on  the  newly  turned  soil. 

DATt  or  PLOWIMC  FOR  FALUW 


„>,r..^  rwKi.  nARi.  AHtn  Atu 

FlEure  5.  TbiB  graph  !a  baaed  on  the  data  of  table  6.  It  empha- 
Blzee  the  neceBSlty  of  early  spring  work  in  preparing  the  fallow. 
It  also  shows  that  relatlonehlps  exiot  between  date  (or  condition), 
the  basic  soil  factors,  and  yields.  Grain  yield  more  nearly  parallels 
soil  moisture  content  and  straw  yield  the  aotl  content  of  nitrate 
nitrogen.  This  indicates  the  greater  relative  Importance  o(  this 
latter  factor  under  more  favorable  conditions. 

These  various  considerations  are  not  so  important  in  the  im- 
mediate presentation  of  the  date  as  in  later  discussion,  but 
are  given  at  this  time  to  emphasize  the  factor  of  condition  in 
its  bearing  on  all  results.  This  will  be  developed  more  com- 
pletely hereafter. 

18 


D.n.iized  by  Google 


Total  Sou  Molatare,  Total  Nitrat«-Nitrog«ii,  and  Yield 
for  Snnmier-fallow  Plowed  on  Different  DMt««, 
(Thi-ee  Year  ATcmge) 


Date  of  Plowing 

Total 

Soil 

MoUture 

Total 
Nitrate- 
Nitrogen 

Yield  per  Acre 

Straw 

Grain 

September    1st     

November    1st    

Tone 

521 
536 

Pounds 

66.8 

75,4 

Bushels 

11 

9.0 

9.0 
7.8 

Pounds 

350 
385 

April   lOth    

590                 73.7 

455 

III  an  analysis  of  these  data,  current  opinion  might  well  be 
considered.  Early  workers,  almost  without  exception,  advo- 
cated fall  plowing  of  fallow,  supposedly  to  insure  absorption 
of  printer  precipitation  and  any  beneficial  effects  that  might 
accrue  through  alternate  freezing  and  thawing  of  the  plow 
layer.  Widtsoe  (7)  recommends,  "In  the  very  great  majority 
of  eases  over  the  whole  dry-farming  territory,  plowing  should 
be  done  in  the  fall."  Somewhat  later  Cardon'(8)  and  others 
(9)  (10)  point  out  that  fall  plowing  is  not  superior  to  sprinig 
plowing,  either  in  storing  moisture  or  in  producing  crops. 
This  is  opinion  from  those  areas  most  similar  to  that  under 
discussion  in  this  bulletin. 

In  this  experiment,  fall  plowing,  either  wet  or  dry,  has  not 
given  as  good  results  as  spring  plowing.  This  is  true  both  in 
soil  moisture  content  and  in  yield.  Nitrate  development,  par- 
ticularly for  the  late  fall  plowing,  is  comparatively  good  in 
the  fail  plowed  soil.  Why  yield  has  not  at  least  equalled  that 
of  the  late  spring  plowing  is  not  entirely  clear,  but  is  prob- 
ably due  to  the  fact  that  the  particular  soil  type  tends  to 
develop  a  somewhat  run-together  condition  when  worked  up 
and  allowed  to  stand  over  winter.  Even  with  very  careful 
tillage  the  following  spring  the  influence  of  this  condition 
may  be  more  or  less  persistent.  At  any  rate,  the  result  cor- 
responds to  farm  experience  in  this  district. 

Of  the  spring  dates  of  plowing,  the  first  two  show  prac- 
tically equal  results  in  soil  moisture  content  and  in  grain 
yield.  In  nitrate-nitrogen  content  and  in  straw  yield,  the 
earliest  plowing  is  superior.  This  means  that  in  a  season  of 
more  abundant  rainfall,  the  earliest  plowing  has  the  founda- 
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tion  for  better  grain  yields  as  well.  It  is  very  evident  that 
the  latest  spring  plowing  is  inferior  to  that  of  the  other  two 
Sfoing  dates  in  every  respect. 


DEPTH  OF  PLOWMG  TOR  FALLOW 

March  Ist. 


(fi)  Tbe  close  parallel  between 
depth  of  plowing,  attrate  nitro- 
gen, and  yield  of  grain  and 
straw  on  tbls  date  is  apparent. 
See  page  38  tor  a  discussion  ol 
why  deep  plowing  produces 
this  result  on  this  date. 


(b)  Instead  of  upward,  the 
trend  is  downward  with  depth 
of  plowing  on  tbls  date.  See 
page  38  In  discnssfon  of  why 
result  la  different  than  that  for 
March.  Straw  yield  In  gen- 
eral tende  to  follow  the  con- 
tent ot  nitrate  nitrogen,  which 
would  indicate  the  nitrate 
nitrogen  data  to  be  In  error  In 
this  case.  As  the  aoU  begins 
to  dry,  plowing  should  be  more 
shallow. 


JunE.  13T 


(c)  There  are  no  advantages 
In  deep  plowing  for  June.  A 
discussion  of  the  probable  rea- 
sons are  given  on  page  37. 
Deep  tillage  In  a  dry  soil  Is 
poor  practice  In  this  territory. 


9  based  on  the  data 
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DEPTH  OF  PLOWING  POR  FALLOW 

Depth  of  plowing  is  important  from  two  Btandpointa,  the 
effect  OQ  yield  and  the  cost  of  plowing.  On  thie  queBtioo 
farm  opinion  varies  more  than  on  any  other,  although  there 
is  apparent  a  growing  tendency  to  plow  less  deep. 

Many  of  the  current  ideas  of  what  is  good  dry  farming 
practice  are  the  outgrowth  of  humid  farming.  Because  of 
their  experience  under  humid  conditionsj  it  is  very  difficult 
for  many  thorough  and  careful  farmers  to  reconcile  shallow 
plowing  with  "good  farming."  Tet  after  all,  "good  farm- 
ing" is  a  relative  term,  and  any  practice  is  "good  farming" 
if  it  produces  consistently  better  results. 

Three  depths  of  plowing,  four,  six,  and  eight  inches,  on 
each  of  the  three  sprii^  dates,  are  included  in  this  experi- 
ment. Four  inches  is  .about  an  average  of  shallow  plowing  in 
actual  practice.  Eight  inches  is  used  as  the  other  extreme 
because  prevailing  soil  types  would  not  seem  to  need  excess- 
ively deep  stirring.  Six  inches  is  intermediate  and  about  an 
average  in  prevailing  field  practice. 

Table  fl:     Total  SoU-Molstnre,  Ttttai  Nltrate-NltrogeB,  and  Yield  for 

Sniuiner-fallow  Plowed  at  Different  Depths  on  Different  Dat«s. 

(Three  Year  Average) 


D&te  and  Depth  of 

PlOWlQg 

Total 

Soil 

Moisture 

Total 
Nitrate- 
Nitrogen 

Yield 

per*  Acre 

Grain 

Straw 

Tons 

Pounds 

BushelB 

Pounds 

March  1st — 

Four  inches   

591 

76.1 

7.9 

430 

Six    Inches    

609 

78.0 

8.4 

485 

Eight   Inches    . . . 

608 

82.2 

8.9 

510 

April  10th — 

Pour  inches    .... 

608 

73.1 

S.6 

425 

SI*   inches    

569 

79.5 

7.9 

405 

Eight    inches    

[>69 

66.0 

8.5 

445 

June  1st— 

Four  inches    .... 

B3S 

57.9 

7.3 

375 

Six   inches    

529 

E0.7 

7.8 

405 

Bight  inches    ... 

541 

69.1 

7.3 

395 

Early  opinion  on  depth  of  plowing  for  fallow  is  summarized 
by  Widtsoe  (7),  "Deep  plowing  is  always  to  be  recommended 
for  successful  dry-fanning,"  deep  plowing  being  elsewhere 
designated  as  eight  inches  or  over.  Cardon  more  recently 
states  (8),  "With  the  data  available,  however,  the  question 
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seems  to  be  not  so  much  how  deep  to  plow  as  how  well  to 
plow."  Stephens  (9)  finds  in  favor  of  shallow  plowing  (four 
or  five  inches)  for  spring  wheat,  the  plowing  being  designated 
as  early  and  April  1st  being  the  date  of  other  early  plowing, 
in  the  same  series  of  experiments.  Others  (10)  (11)  seem 
doubtful  of  the  necessity  for  deep  plowing. 

In  comparing  the  above  data  it  is  apparent  that  variations 
in  soil  moisture  content  as  affected  by  depth  of  plowing,  are 
not  the  same  for  all  dates  of  plowing.  Deeper  plowing  has  been 
most  effifiient  in  moisture  conservation  on  the  earliest  date, 
while  the  reverse  has  been  true  on  the  intermediate  date.  For 
the  late  date  there  has  been  practically  no  differences,  but  the 
general  result  is  similar  to  that  of  the  intermediate  date.  It 
is  true  that  in  no  case  is  the  spread  large,  but  the  differences 
are  consistent  and  have  been  similar  during  the  whole  period 
of  the  experilnenta. 

The  results  of  this  experiment  explain  why  farmers  in  the 
drier  localities  tend  to  plow  more  shallow,  and  offer  an  in- 
teresting comparison  of  the  effect  of  condition,  as  influenced 
in  this  case  by  date,  on  the  result  of  a  given  operation.  To 
apply  these  results,  condition  must  be  taken  into  account.  In 
terms  of  condition,  the  earliest  date  is  similar  to  the  average 
of  the- more  favored  dry  farming  districts,  and  the  intermedi- 
ate and  late  dates  are  similar  to  the  drier  localities. 

Nitrate-nitrogen  content  and  yield  are  less  clear  cut  in  their 
relation  to  depth  of  plowing  than  is  moisture  content.  For 
the  earliest  date,  there  is  a  regular  increase  in  both  nitrate- 
nitrogen  content  and  in  yield  with  increase  in  depth  of  plow- 
ing, but  for  the  two  later  dates  there  is  no  apparent  relation- 
ship. The  latter  data  are  chiefly  valuable  in  emphasizing  the 
fact,  that  deep  plowing  offers  no  advantage  for  the  less  fav- 
ored conditions. 

HARVEST  DI8EIN0  BEFOKE  FAIXOW 

Disking  immediately  after  harvest  to  kill  weeds  and  to 
creats  a  mulch,  supposedly  favorable  for  moisture  absorption, 
has  been  universally  advocated  from  the  earliest  days  of  dry 
farming.  From  a  theoretical  standpoint  this  practice  would 
seem  to  rest  on  a  firm  foundation  for  all  conditions,  which 
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<;xperimental  evidence  has  showa  it  does  in  certain  eases  (15), 
but  local  experience  has  not  confirmed  this  assumption  as  ap-  ' 
plying  in  central  ^^ashington. 

HABVE3T  D13K1MG  DEFORCrALLW 

3eiL 

niTijATE  niTRwcn 

Poonro  PER  j\cltt 


Moisture 

TOna  PER  ACBE 


Yield 


GRAin 

OUSHtUPCRAll* 


STWW 

POUtlDS  PtR  A«E 


SIMMS  inneoiATCLr  >vter  harvest. 


SEPti  ijtjf  I  null 

.||m  Hot  OtSKKP     j  I 


Figure  7.  This  graph  is  based  on  the  data  of  table  7.  It  com- 
paree  harvest  disking  previous  to  plowing  with  ao  disking  for  three 
dates  of  plowing,  two  in  the  fall  and  one  in  the  spring.  The  disk* 
Ing  was  beneficial  before  the  dry  September  1st  plowing,  but  this 
in  itself  gave  poor  results.  The  dry  work,  either  disking  or  plow* 
Ing,  Is  indicated  by  the  graph  to  be  poor  practice.  A  discussion  of 
dry  disking  and  plowing  and  the  reasons  for  their  detrimental  In- 
fluence tor  the  particular  conditions  of  this  district  are  given  on 
page  38. 
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Table  7:      Total   SoU-HolBture,   Total   NltnM-Nltrogen, 

and  XMd 

Treatment 

Total 

Soil 

Moisture 

Total 

Nitrate- 
Nitrogen 

Yield  per  Acre 

Grain 

Straw 

Harvest  Disked 

544 

63.0 

6.8 

350 

Not  Disked 

4S9 

70.6 

6.6 

350 

Plowed  Nov.  1 — 

Harvest  Disked 

530 

73.4 

6.9 

,    385 

Not  Disked 

542 

77.5 

6.7 

385 

Plowed  Mar.  1— 

Harvest  Disked 

74.9 

8.7 

465 

Not  Disked 

584 

83.9 

9.4 

575 

Comparing  the  data  for  soil  disked  immediately  after  har- 
vest and  plowed  dry  September  Ist,  with  that  for  soil  not 
disked  and  also  plowed  dry  September  1st,  it  is  apparent  that 
the  fonner  has  a  higher  moistare  content.  It  is  reasonable  to 
ascribe  this  advantage  to  killing  weeds  and  so  checking  trans- 
piration. On  the  other  hand,  when  the  November  and  March 
plowed  plots  of  this  treatment  are  compared  in  a  similar  way, 
the  moisture  advantage  has  changed.  Except  for  the  dry  fall 
plowing,  in  itself  poor  practice,  there  seems,  in  this  case, 
to  be  no  advantage  in  disking  stnbble  immediately  after  har- 
vest. This  agrees  with  farm  experience  and  the  findings  of 
other  investigators  in  this  same  general  area  (9)   (10), 

LATE  FALL  DISKINQ  BEFORE  FALLOW 

If  intending  to  disk  stubble  in  the  fall,  the  farmer  has  two 
alternatives.  He  may  disk  his  soil  while  dry  immediately 
after  harvest,  or  he  may  wait  until  after  fall  rains  and  disk 

Table  8:     Totnl  8o<l>MolHttire,  Total  Nltrnte-Nltrofcen,  and  Yield  for 

Sonuner^fallow  With  and  Without  Prerlons  Wet  Pall  l)lHklii£ 

(Three  Year  Average) 


Soil 

Total 

Yield  per  Acre 

Moisture 

Nitrogen 

Grain 

Straw 

Plowed  March  1 — 

Tons 

Pounds 

Buahels 

Pounds 

Wet  Fall  Disked 

609 

78.0 

Not  Disked 

599 

82.2 

9,1 

Plowed  Apr.   10 — 

Wet  Fall  Disked 

569 

79.5 

7.9 

Not  Disked 

590 

72.3 

Wet  Fall  Disked 

529 

50.6 

7.8 

Not  Disked 

540 

57.6 

7.3 
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his  soil  wet.    Harvest  disking  has  been  shown  to  be  poor  prac- 
tice.    Is  wet  fall  disking  advisable  t 

From  these   data,   except  that   for  total   moisture  for   the 
March  1st  plowing,  there  seems  to  have  been  a  detrimental 

LATE  FALL  DIJKB1C  BEFORE  FALLOW 

SOIL 
MOIJTURt  niTRATE.  HITBfSCCM 

Tons  pen  Aatc  pouni»  per  acre 


YiELD 


3TEAW 
POUnO&  PER  ACRE 


rtwt  APtM.         junti.  DAtti.  APftJp.         Jonti 

Latc  Rui  OnKirto  ^^1  nsAMino  I  I 

Figare  8,  Tbls  graph  is  based  oa  the  data  ot  table  8.  It  com- 
pares late  fall  dlskiag  previous  to  plowing  with  no  disking  for  three 
dates  ot  spring  plowing.  Results  are  variable,  but  at  least  Indicate 
no  advantage  in  tavor  ot  disking  at  tbis  time.  The  date  ot  spring 
plowing  has  more  Inlluence  on  the  result  than  has  the  previous 
tall  disking.     Wet  fall  disking  is  discussed  on  page  4  0. 
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rather  than  a  beneficial  effect  from  the  wet  fall  disking.  Even 
in  the  ease  of  the  March  1st  plowed  plots,  the  grain  yield  in- 
dicates a  possible  error  in  the  moisture  date,  for  as  previously 

SPRU1G  oisKirtG  btmuL  puimnG  Tok  mm 

Soil 

MOISTURt  UlTRWE  niTRQGtM 

■nwi*  MD    u-or  POurlDS  PtR  AZOX. 


nuu  >^pltlO-        juttE.i.  KARt  APR.IO         oune.i 

STRAW  . 

POUrtS&  PCR  AOIX. 


Wisx        APRn  jvtfu  HARi         AK,ia        •Kme.i 

nsKei>M>«.i||H  ^roj?rejo^  ^M    n<n-J)wcD  1       1 

Figure  9.  This  grapb  Is  based  on  the  data  of  table  S.  It  is  a 
comparison  of  soila  diabed  In  ttae  spring  before  plowing  for  fallow 
and  those  not  disked.  Disking  has  no  advantage,  except  for  laie 
plowing.  In  wbich  case  an  additional  disking  gives  added  benellts. 
The  disking  kills  weeds  and  volunteer  grain,  and  where  the  plow- 
ing date  la  so  late  that  these  drain  soil  moisture.  It  Is  good  practice 
to  disk.  The  shallow  mulcb  of  the  disking  does  not  interfere  with 
absorption  to  the  same  extent  as  the  deeper  plowing. 
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pointed  oat  there  is  a  general  relationship  between  grain  yield 
and  total  moisture  content.  At  any  rate  there  has  been,  dur- 
ing the  period  of  these  experiments,  no  advantage  in  the 
practice, 

SFRINO  DISKING  BEFOBE  FALLOW 

Spring  disking,  before  plowing  for  fallow,  has  been  advised 
for  a  number  of  reasons.  The  cutting'  up  of  weeds  and  stub- 
ble and  their  incorporation  with  the  soil  before  plowing,  the 
killing  of  early  weeds  and  a  delay  in  the  plowing  date  to  re- 
duce the  number  of  later' weedinga,  and  various  effects  in 
saving  moisture  where  plowing  must  necessarily  be,  or  is  in- 
tentionally, late,  have  been  advanced  as  arguments  favoring 
the  practice. 

Table  9.     Total   SoU-Molstnre,   Total  Nltrate-Nttrogen,    and  Yield 

t<w  SoDuner-fallow  with  and  Withoiit  Prevlons  Spring  Disking. 

(Three  Year  Average) 


Treatment 

T5ti! 
Sol] 

Total 
Nitrate- 

Yield  per  Acre 

Moisture 

Nitrogen 

Grain 

Straw 

Tons 

Pounds 

Bushels 

Pounds 

Plowed  March  1 — 

Disked  March  1 

606 

83.1 

8.e 

480 

Not    DiBked 

599 

82.2 

9.1 

4S5 

Plowed  April  10 — 

Disked  Harch  1 

593 

73.9 

8.6 

480 

Not  Disked 

590 

72.3 

9,3 

465 

Plowed    June    1 — 

Disked  March   1 

597 

72.5 

9.0 

476 

Disked  March  1 

and  April   10 

850 

81.1 

9.8 

490 

Not  Disked 

540 

57.6 

7.3 

410 

This  experiment  shows  no  advantage  in  disking  before  plow- 
ing for  either  of  the  earlier  dates  of  plowing.  For  the  late 
date  of  plowing  there  is  a  decided  advantage  even  in  one 
disking,  and  this  advantage  is  increased  by  a  second  disking 
on  an  intermediate  date. 

Growth  of  weeds  and  volunteer  grain  make  no  serious 
inroads  on  soil  moisture  previous  to  the  intermediate  date  of 
plowing,  but  after  that  time  their  influence  is  evident. 
The  benefit  of  the  second  disking  probably  lies  both  in  weed 
control,  and  in  the  retentive  qualities  of  the  mulch.    This  lat- 
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ter  consideratioD  will  be  discussed  more  at  length  hereafter. 
From  the  standpoint  of  effect  on  jield  and  moisture  eon- 
servation,  the  spring  disking  and  late  plowing  has  been  the 
most  efficient  system  practiced  on  the  station  farm.  In  prac- 
tical operation,  on  light  soils,  the  system  has  disadvantages. 
Late  plowed  soil  settles  less  than  earlier  plowing,  has  fewer 
clods  and  is  pulverized  more  completely,  and  as  a  result  is 
more  inclined  to  blow.  The  use  of  the  system  should,  there- 
fore, be  restricted  to  districts  where  soil  blowinig  is  not  a 
problem. 


IMMEDIATE  VS.  DELATED   CULTIVATION  AFTER 
PLOWINa 

It  is  commonly  recommended  that  the  plow  be  immediately 
followed  by  the  harrow  to  smooth  and  firm  the  soil,  to  work 
down  irregularities,  and  to  create  a  surface  mulch.  In  the 
western,  portion  of  the  area  covered  by  the  discussions  of  this 
btilletin,  where  soils  tend  to  blow,  farmers  do  not  stir  the  soil 
after  plowing  until  absolutely  necessary  to  control  weeds. 
The  ordinary  smoothing  harrow  pulverizes  the  prevailing  soil 
types  very  completely  and  its  use  should  be  discouraged  for 
this  particular  condition.  Whether  the  after  tillage  should 
be  discontinued  if  a  more  suitable  tool  could  be  used  is  not 
so  clear.  Delay  in  cultivating  after  the  plow  is  also  prac- 
ticed under  conditions  where  working  down  and  finning  the 

Xable  10:      Total  Soll-Holetnr«,  Total  Nltrale-Nltrogen  and  YMd 

tor  SniRineir-fallaw  With  and  Without  Immediate  TilUge 

After  the  Plow. 

(Three  Year  Average) 


Treatment 

Total 

Soil 

Moisture 

Total 
Nttrate- 
Nttrogen 

Yield  per  Acre 

Grain 

Straw 

Plowed  March  1— 

Immediate  Tillage  1 

584 

83.9 

9.4 

575 

Delayed  Tillage 

599 

83.2 

9.1 

Plowed  April  10 — 

Immediate   Tillage 

610 

69.2 

9.S 

500 

Delayed  Tillage 

B90 

72.3 

9.3 

466 

Plowed  June  1 — 

Immediate  Tillage 

624 

52.3 

7.B 

3«0 

Delayed  Tillage 

640 

67,6 

7.3 

410 

D.n.iized  by  Google 


soil  has  a  tendency  to  start  early  weed  growth,  the  farmer, 
in  this  case,  desiring  to  delay  such  growth  in  order  to  reduce 

I^mEDIATE  CUtTIVATIOIi  OF  TALLOW 

3GIL 
Mbi3T0CE  MrrwTE,  niTRoocn 

ToioptR  1^c(lt  poimoa  per  acre. 


rum  iWRja         jwiei.  habi  AP8.ta         jnuu. 

YitLD 

fiUWU  PE.R  ACK,  POUnDS  KR  ACRt 


'  tMRi         APRiQ         .aintJ.  hai^i.         APitia         iTOiu. 

C«LT!v^^Tlo^(  |^H       rto  CvLrtMKnm  |  | 

Figure  10.  This  graph  Is  based  on  tbe  data  of  table  10.  It  com- 
pares Immediate  and  delayed  cultivation  of  fallow  on  ttaree  sprlns 
dates.  Except  for  the  June  plowing,  which  la  bo  dry  that  the  addi- 
tional tillage  has  no  settling  effect,  there  seems  to  have  been  a 
slight  beneficial  result  from  the  practice.  The  settled  condition 
tends  to  giTe  better  absorption,  and  Is  especially  desirable  tor  the 
earlier  dates  when  some  moisture  can  still  be  expected  before  the 
dry  summer  season.  On  heavier  soils  with  more  abundant  spring 
moleturo.  Immediate  tillage  may  be  desirable.  On  light  soils  under 
more  dry  conditions,  it  has  no  place. 
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the  number  of  necessary  weedinga  and  to  delay  the  weeding 
operation  until  a  time  when  other  work  is  less  pressing. 

In  this  experiment,  the  plow  was  followed  by  a  spring- 
tooth  harrow.  This  tool  ridges  the  soil,  brings  clods  to  the 
surface,  and  produces  a  condition  more  suited  to  resisting  the 
wind  than  does  any  other  available  implement. 

The  1918  moisture  determinations  for  the  plot  plowed  Slarch 
1st  and  given  immediate  tillage  were  for  some  reason  in  error, 
being  undoubtedly  too  low,  and  their  lack  of  accuracy  was 
not  cheeked  until  too  late  to  run  again.  This  causes  a  dis- 
crepancy in  the  moisture  data  for  the  March  1st  treatments, 
but  yield  and  other  data  indicate  the  probably  true  condition. 

With  the  exception  noted,  for  the  earlier  dates,  immediate 
tillage  results  in  a  higher  moisture  content  and  in  better  yields 
both  of  grain  and  of  straw.  For  the  late  date,  the  conditions 
are  reversed  or  practically  equal. 

SUB-S1TBFA0E  PACEINa  OF  FALLOW 

A  seed  bed  for  cereals  should  be  reasonably  firm  and  the 
use  of  some  implement  to  firm  the  plowed  soil  has  been  al- 
vocated  as  a  necessary  adjunct  in  dry  farming.  The  sub- 
surface packer,  invented  by  H.  W.  Campbell,  and  known  as 

Table  11:      Totia   SoU-MoIatare,   Total  Nitrato-Nitzvgen,   and  Yield 
'      "  faUow  With  and  Withoat  (he  Sab-snrface  Packer 

(Three  Year  Average) 


Treatment 

Total 

Soil 

Moisture 

ToUl 
Nitrate- 
Nitrogen 

Yield  per  Acre 

Grain 

Straw 

Plowed  March  1— 

Packed 

597 

91.7 

9.4 

515 

Not  Packed 

607 

83.1 

8.7 

480 

Plowed  April    10— 

Packed 

614 

80.2 

9,9 

515 

Not  Packed 

593 

77.0 

8.7 

485 

Plowed  June  1 — 

Packed 

697 

73.6 

S.9 

460 

Not  Packed 

597 

72.5 

9.0 

473 

•Plowed  June  1 — 

Packed 

628 

80.6 

8.7 

475 

Not  Packed 

650 

81,1 

9.8 

460 

•All  plots  In  this  experiment  were  disked  March  Ist.  the  plots  ol 
this  treatment  receiving  a  second  disking  on  April  10th. 
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^DSURFACL  PACKlhG  OF  TALLOW 
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F[gure  11.  This  grapb  is  based  on  the  data  of  table  11.  It  com- 
pares packed  and  unpacked  fallow  on  tbree  dates  of  spring  plow- 
ing. On  the  two  early  dates  packing  promotes  soil  contact,  and 
gives  bettei'  absorption.  Because  packing  makes  necessary 
more  tillage  for  weed  control,  the  practice  is  not  advisable 
on  light  soils  because  of  probable  soil  blowing.  On  heavier  soils 
with  a  better  moisture  content,  the  packer  is  less  needed.  Its 
practical  use  is  doubtful.  This  data  is  useful,  however,  in  adding 
empbasts  to  the  advantages  of  soil  contact  in  moieture  absorption. 
Tbis  Is  discussed  on  page  40. 
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the  Campbell  packer,  has  been  most  widely  reeommende<i 
for  this  purpose.  That  it  has  not  become  of  general  use  indi- 
cates at  least  doubt  of  its  utility.  American  investigators 
as  a  rule  have  not  found  the  tool  useful,  Stephens  (9),  among 
others,  reporting  its  use  as  not  beneficial  in  the  Oregon  sec- 
tion of  the  Columbia  Basin  dry  farming  area. 

In  this  experiment,  the  packer,  weighted  to  a  load  of  thirty 
pounds  per  wheel,  was  used  immediately  after  the  plow,  and 
was  followed  at  once  by  the  spring-tooth  harrow. 

The  data  indicate  a  certain  benefit  in  using  the  packer  on 
the  first  two  dates.  There  is  a  diserepaney  in  the  moisture 
data  of  the  March  1st  plowed  treatments,  which  do  not  check 
with  yield,  but  with  this  exception,  the  advantage  holds  for 
all  factors.  For  the  late  date,  there  has  been  no  correspond- 
ing benefit. 

In  practice  the  utility  of  the  packer  is  doubtful.  More 
work  is  required  in  controlling  weeds  on  soil  where  the  packer 
has  been  used,  aud  on  light  soils  the  additional  tillage  tends 
to  develop  drifting.  It  is  often  suggested  that  the  packer  be 
used  to  firm  the  soil  and  so  hold  moisture  near  enot^h  the 
surface  to  insure  fall  seeding  without  rains.  On  heavier  soil 
types  especially,  the  use  of  the  packer  develops  a  condition 
very  similar  to  the  plow-sole  mentioned  on  page  45,  and  un- 
less this  condition  is  corrected  by  frequent  tillage  the  soil 
will  actually  dry  more  deeply  than  if  the  packer  is  not  used. 
This  frequent  cultivation  tends  in  turn  to  unduly  fine  the 
surface  soil,  and  there  occurs  a  running  together  and  cement- 
ing effect  during  the  winter  following  the  summer  of  fallow 
which  is  very  undesirable.  As  suggested  hereafter  in  the 
discussion  of  principles,  the  benefits  of  the  packer  can  be 
secured  by  other  and  safer  methods.  In  addition  to  these 
factors  directly  affecting  soil  condition,  there  are  other  con- 
siderations, such  as  costs,  which  have  a  bearing  on  the  use 
of  any  method  or  implement  and  which,  in  this  case,  are  a^gainst 
the  use  of  the  packer. 

The  chief  value  of  these  data  is  in  emphasizing  certain  prin- 
ciples involved  in  moisture  conservation,  which  will  he  de- 
veloped and  discussed  hereafter. 
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DISKIHa  vs.  PLOWING  FOR  FALLOW 

Where  moiature  is  a  very  extreme  limiting  factor,  and 
yields  in  no  case  can  be  large,  it  may  be  necessary  to  reduce 
production  costs  to  a  minimum.  On  blowing  soils  it  may  also 
be  advisable  to  leave  plant  residues  on  the  surface,  rather 
than  to  plow  them  under.  Under  sueh  conditions,  if  crop 
return  is  at  all  equal,  disking  might  take  the  place  of  plow- 
ing in  preparing  the  fallow, 

DISKIMC  vs.  PLOWIMC  roR  TMXm 
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Figure  12.  This  graph  is  based  on  the  data  of  table  12,  It  com- 
pares disking  with  plowing  Id  preparing  the  fallow.  Plowing  hsB  had 
no  advantages  over  disking  during  the  dry  period  of  this  experiment, 
the  latter  having  the  highest  average  moisture  content.  This  re- 
sult empfaaslzeB  the  fact  that  the  detrimental  ellect  of  a  mulch  on 
absorption  Is  proportional  to  its  depth,  see  discussion  on  page  40. 
"aood  farming"  does  not  depend  on  the  use  of  any  particular  too], 
but  rather  on  developing  and  maintaining  certain  soil  conditions. 

Table  12:     Total  S<ri1-Maistnre,  Total  NItrate-Nibvgen,  and  Yield 
for  Sninnier-faUow  Prepared  by  Plowing,  by  FiUI  and 
Spring  ntsking,  and  by  Spring  Disking 
(Three  Year  Average) 


Treatment 

Total 

Soil 

Moisture 

Total 
Nitrate- 
Nitrogen 

Yield  per  Acre 

Grain 

Straw 

Disked  Nov.   1.  Mar. 

1.  and  Apr.    10             586 
Disked    Mar,    1    and 

Apr.   10                               626 
Plowed  Mar.  1                       597 

88. i 

79.8 
89,0 

8,8 

9.4 
9.2 

455 

455 
476 
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Through  accident,  the  yield  data  of  the  plot  gives  fall  aD<i 
spring  disking  in  preparing  the  fallow  were  lost  in  1918.  For 
that  reason,  the  yield  of  this  plot  for  that  year  has  been  in- 
terpolated.   (See  Table  13). 

During  the  past  three  seasons,  the  average  efficiency  of 
disking  in  preparing  the  fallow  has  been  equal  or  slightly 
superior  to  that  of  plowinig.  This  is  true  in  yield,  in  moisture 
conservation,  and  in  nitrate  development. 

MOISTUSE  OONTBOL  IN  DSY  FASUINO 

Theories  of  moisture  conservation,  based  on  experimental 
work  or  experience  elsewhere,  have  not  always  applied  in 
this  area.  A  study  of  the  foregoing  data  suggests  the  reason. 
The  data  shows  that  varying  conditions  within  and  without 
,he  soil,  variation  being  due  to  the  influence  of  date  of  opera- 
ion  or  method  of  treatment,  modify  results,  and  justify  dif- 
lees  in  practice.  (See  Depth  of  Plowing,  Table  6).  It  is, 
herefore,  reasonable  to  assume  the  necessity  of  equal  varia- 
ion  in  practice  under  the  even  wider  range  in  condition  found 
place  to  place  (See  Table  1  and  Figure  2),  or  even  from 
year  to  year  for  a  given  location.     (See  Tables  2  and  3). 

To  apply  the  results  of  these  experiments,  and  to  under- 
stand how  and  why  practice  should  vary,  requires  a  discus- 
sion of  the  principles  involved. 

son.  MOiSTURi: 

Moisture  conservation  is  the  chief  consideration  in  determin- 
ing most  dry  farm  tillage  operations.  The  factors  eoneemed 
are  the  abBorpti<m  of  water  and  its  retention. 

Moisture  enters  the  soil,  both  by  gravity  carrying  the  free 
water  into  the  open  spaces  of  the  soil,  and  by  capillary  move- 
ment. Gravity  is  most  active  when  water  is  present  in  large 
enough  quantity  to  fiU  the  pore  spaces  of  the  soil.  Under 
ordinary  conditions  water  is  present  in  dry  farming  soils  only 
in  the  form  of  more  or  less  thin  films  covering  the  surface  of 
the  soil  particles.  This  film  moisture,  when  present  in  any 
quantity  greater  than  the  limited  amount  found  in  all  air- 
dry  soil  which  limited  quantity  need  not  be  considered  in  this 

34 

D.n.iized  by  Google 


discossiOn,  is  bnown  as  capillary  moisture.  This  is  the  most 
important  form  of  soil  moisture  from  the  standpoint  of  crop 
use.  Capillary  moisture  moves  from  a  more  moist  soil  to  a 
less  moist  one,  within  certain  limits,  until  eqnilibrinm  is  es- 
tablished (12)  (13),  Movement  may  be  in  any  direction. 
After  a  rain,  when  the  immediate  surface  soil  is  very  moist, 
movement  is  downward.  Later,  when  evaporation  has  dried 
the  surface,  movement  may  he  upward.  A  firm  soil  havinig 
many  points  of  contact  between  soil  particles  is  most  favorable 
to  capillary  movement  of  moisture.  A  loose  and  open  struc- 
ture, having  fewer  points  of  contact,  tends  to  decrease  move- 
ment. When  a  soil  dries  beyond  a  certain  point,  movement 
of  moisture  from  a  more  moist  soil  to  it  is  very  slow  (14).  It 
is  a  matter  of  observation  that  a  very  dry  soil  absorbs  mois- 
ture less  readily  than  one  more  moist  (15). 

A  combination  of  all  the  above  factors  is  the  theoretical 
basis  for  stirring  the  soil  to  prevent  the  upward  movement  of 
soil  moisture  and  its  loss  by  evaporation.  This  is  the  theory 
of  the  soil  mulch.  Under  conditions  of  extreme  evaporation, 
soils  quickly  become  very  dry  at  the  surface  and  tend  to 
naturally  mulch  themselves   (14). 

Absorption 

,  Where  precipitation  occurs  normally  as  heavy  down-pour- 
ing rain,  as  more  gentle  rains  large  in  quantity,  or  as  heavy 
snows  with  large  run-off,  the  soil  surface  condition  most  fav- 
orable for  moisture  absorption  is  a  rough  and  open  one  (15). 
Such  a  surface  holds  the  water  until  gravity  and -capillary 
movement  can  carry  the  largest  possible  amount  of  it  down- 
ward into  the  soil. 

Where  predpitation  is  light,  and  comes  regularly  as  gentle 
rains,  with  very  seldom  enough  water  to  stand  or  nm  on  the 
snrface,  gravity  plays  a  more  unimportant  part,  and  capillary 
movement,  or  conductivity,  is  the  important  factor  in  moisture 
abB(»rption.  .From  the  previous  discussion  of  capillary  move- 
ment, it  is  clear  that  a  more  firm  soil  condition  favors  mois- 
ture absorption  in  such  a  case. 

A  light,  gentle  type  of  rainfall  is  characteristic,  either  in 
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whole  or  in  part,  of  the  dry  farming  districts  of  the  state  of 
Washington,  Evaporation  is  also  active,  which  makes  the 
rapidity  and  depth  of  moisture  absorption  of  very  important 
consideration  in  saving  this  moisture  for  crop  i^e. 

Tillage  Practicea  as  They  Affect  Moisture  Absorption 

The  moisture  problem  of  the  fallow  year  begins  ivith  the 
removal  of  the  previoiis  crop.  At  this  season,  following  the 
long  dry  summer,  all  soils  in  this  district  are  practically  air- 
dry  at  the  immediate  surface,  and  a  cropped  soil  is  at  the  wilt- 
ing point  to  the  entire  depth  of  root  penetration.  The  behavior 
of  this  dry  soil  in  absorbing  and  retaining  moisture  is  one  of 
the  important  factors  in  determining  tillage  practice. 

Weeds  have  a  very  important  bearing  on  the  moisture  prob- 
lem, and  their  control  is  one  of  the  chief  functions  of  tillage. 
Burr  (15)  found,  that  for  Nebraska  conditions,  harvest  disk- 
ing materially  added  to  the  soil  moisture  supply.  Examina- 
tion of  the  data  in  Table  7,  or  of  Figure  7,  shows,  that  under 
conditions  as  found  in  these  experiments,  dry  harvest  disking 
also  saved  a  certain  amount  of  moisture.  Soil  so  disked  had 
a  higher  moisture  content  than  soil  not  disked,  when  both 
were  plowed  (September  let,  dry)  before  other  moisture  had 
fallen.  However,  further  study  of  the  same  data  tells  another 
story.  Where  such  dry  disked  and  undisked  soil  was  allowed 
to  stand  until  after  rains  fell  before  being  plowed  (November 
1st  and  March  1st),  the  difference  in  moisture  content  favor- 
ing the  disked  soil  was  first  equalized  (November  1st  plow- 
ing) and'  then  reversed  (March  1st  plowing),  the  undisked 
soil  being  finally  the  su[>erior  in  that  respect.  A  study  of 
Table  5,  or  of  Figure. 5,  where  soil  dry  plowed  (September 
1st)  is  compared  with  similar  soil  plowed  after  the  fall  rains 
(November  1st  and  March  1st)  tells  the  same  story.  In  both 
cases  the  final  moisture  content  favors  the  soil  left  unstirred 
through  the  period  of  moisture  absorption.  This  moisture  ad- 
vantage of  the  unstirred  soil  must  he  due  to  the  dry,  loose 
soil  being  less  efficient  as  an  absorbing  agent  than  is  the  same 
dry  soil  in  a  more  firm,  unstirred  condition.  The  absorptive 
advantage  of  the  unstirred  soil  is  great  enough,  in  the  first 
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ease,  to  more  than  make  up  the  origiDal  saving  in  moisture 
dae  to  billing  weeds. 

Laboratory  data,  secttred  by  the  authors  in  studies  not  yet 
completed,  indicate  that  the  depth  of  penetration  of  a  given 
amount  of  moisture  is  practically  equal  in  the  loose  and  in  the 
compacted  soil  from  the  station  farm.  The  difference,  in  the 
two  cases,  lies  in  the  percentage  of  moisture  to  soil,  which  is 
much  higher  in  the  loose  soil  than  in  the  compacted.  This 
means  that  moisture  films  are  thicker,  immediately  after  a 
rain,  in  a  loose  surface  soil  than  in  an  unstirred  one.  As  a 
result  drying  winds  more  easily  remove  newly  fallen  moisture 
from  the  dry  disked  or  plowed  soil  than  from  the  same  soil 
in  the  undisturbed  condition  (16)  (17).  Succeeding  rains 
falling  on  the  two  soils  will  be  conducted  more  deeply  into 
the  more  firm  soil  because  of  better  moisture  content  (18), 
this  finally,  as  a  result  of  collective  additions  following  a  num- 
ber of  rains,  outstrippinig  the  loose  soil  in  total  moisture. 
In  field  practice,  it  has  frequently  been  observed  in 
plowing  across  disked  and  undisked  soil  in  the  fall,  that  under 
a  disked  mulch  the  soil  is  dry,  while  that  previously  unstirred 
is  moist  enough  to  be  in  good  plowing  condition. 

The  above  principle  applies  in  this  area  for  tillage  of  dry 
soils  on  any  date.  With  dry  J^une  1st  plowing  (See  Table  6, 
qr  Figure  6)  it  is  operative  during  the  fall  and  winter  succeed- 
ing the  summer  of  fallow. 

The  detrimental  affect  of  the  dry  mulch  on  absorption  is 
proportional  to  the  depth  of  the  mulch.  This  is  shown  in  the 
generally  superior  moisture  content  of  the  shallow  plowing 
over  the  deep  plowing  for  all  of  the  dates  of  dry  plowing. 
There  are  exceptions  to  this  generalization  in  the  data,  but 
they  are  not  large  enough  or  frequent  enough  to  invalidate 
the  conclusion. 

As  previously  pointed  out,  the  moisture  content  of  the  soil 
has  a  bearing  on  its  capillary  conductivity,  and  consequently 
on  its  efficiency  in  absorption.  As  the  moisture  content  de- 
creases and  approaches  the  dry  condition,  it  would  be  sup- 
posed that  the  soil  should  react  in  absorption  more  nearly  like 
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the  dry  soil  the  nearer  the  approach  to  the  dry  state.  It  is 
important  to  understand  the  limits  under  which  this  principle 
is  active.  The  soil  moisture  content,  in  addition  to  its  direct 
affect  on  conductivity,  also  influences  other  soil  physical  con- 
ditions concerned  in  conduction.  It  is,  therefore,  necessary 
to  consider  other  variations  in  soil  moisture  condition  at  the 
time  tillSfge  is  performed  and  the  ultimate  result  in  absorp- 
tion in  order  to  arrive  at  a  true  understanding  of  the  opera- 
tion of  this  fundamental  law. 

The  data  on  depth  of  plowing  (See  Table  6,  or  Figure  6) 
give  the  best  comparison  of  the  differences  in  result  from  a 
given  operation  due  to  a  difference  in  the  soil  moisture  con- 
tent at  the  time  the  dperation  was  performed.  A  comparison 
of  the  data  for  the  three  dates  shows  that  the  reaction  to 
depth  of  plowing  has  been  different  for  the  early  date  and 
for  the  last  two  dates.  On  the  early  date  the  deep  plowing 
is  superior,  while  for  the  later  dates  the  superiority  rests  with 
the  shallow  work. 

At  the  early  date  of  plowing,  during  these  experiments,  the 
moisture  content  of  the  plow  layer  has  been  higher  than  at 
any  other  period,  being  about  10  to  12  per  cent,  12  per  cent 
being  close  to  the  maximum  capillary  capacity  of  the  soil  type 
in  a  field  condition.  Evaporation  at  this  season  does  not  as 
quickly  reduce  the  moisture  content  in  the  turned  soil,  in  part 
due  to  the  fact  that  rains  are  still  falling  in  greater  or  less 
ficgree.  and  the  soil  settles  or  naturally  firms  comparatively 
more  than  when  plowed  under  other  circumstances. 

Cameron  and  Gallagher  (16)  have  shown  that  at  a  certain 
critical  moisture  content,  which  varies  with  soil  type,  drying 
a  soil  causes  a  sharp  increase  in  soil  volume, -this  progressive 
increase  in  volume  with  drying  continuing  untU  a  certain  low- 
er moisture  content  is  reached,  after  which  there  is  no.further 
increase  in  volume  due  to  decrease  in  moisture  content.  As  a 
corollary  of  this  principle,  an  increase  in  the  moisture  content 
of  a  soil,  when  at  its  greatest  volume,  causes  a  decrease  in 
volume  within  the  same  limits  as  occurs  the  volume  increase. 
The  work  of  these  investigators  also  shows  the  critical  mois- 
ture content  to  be  that  at  which  the  soil  is  in  best  handling 
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condition,  which  in  the  case  of  the  soil  under  study  is  about 
its  maximum  field  capacity. 

Allied  to  field  conditions,  the  above  principle  means  that 
when  the  moisture  content  of  the  plow  layer  is  near  the  critical 
point,  slight  variations  in  either  direction  may  give  entirely 
different  results  in  the  settling  of  the  turned  soil  after  plow- 
ing. In  the  results  of  this  experiment,  at  the  earliest  date  of 
spring  plowing,  the  moisture  content  has  been  such  that  a 
maximum  volume  decrease  or  settling  was  secured.  Because  of 
this  settling,  or  natural  firming,  the  deep  plowing  and  the 
shallow  plowing  of  this  date  have  been  comparatively  alike 
in  condition  as  far  as  soil  contact  and  its  affect  on  absorp- 
tion are  concerned.  The  result  has  been  more  nearly  similar 
moisture  content,  other  factors  tending  to  favor  the  deeper 
work. 

At  later  dates,  as  the  soil  in  the  plow  l&yer  becomes  more 
dry,  or  dries  more  quickly  after  being  turned,  there  is  a  natural 
tendency  in  conformity  with  the  above  principle  to  settle  less 
after  plowing.  By  the  intermediate  date,  the  soil  moisture 
content  has  been  reduced  to  a  point,  about  8  to  9  per  cent, 
where  an  entirely  different  result  is  secured  from  tillage  op- 
erations (See  Table  6,  or  Figure  6).  The  soil  is  more  loose 
after  plowing  and  later  reacts  in  absorption  in  the  same  man- 
ner as  the  more  dry  soil.  The  superiority  of  the  shallow  plow- 
ing of  the  intermediate  date  indicates  that  such  is  the  case. 

Rainfall  during  and  sncceeding  the  plowing  period  has  a 
very  important  bearing  on  field  practice  as  influenced  by  the 
above  outlined  principles,  and  determines  the  length  of  time 
over  which  the  deeper  plowing  is  equal  or  superior  in  result 
to  the  more  shallow  work.  If  later  rainfall  brings  a  soil  tilled 
when  comparatively  dry  back  to  the  critical  moisture  content, 
the  settling  effect  may  practically  equal  that  of  a  soil  turned 
in  a  more  moist  condition.  This  of  course  varies  with  locality 
and  with  season,  and  under  conditions  more  favored  than 
those  during  the  years  of  this  study,  might  prolong  the  period 
well  past  the  date  chosen  in  this  case  for  intermediate  plowing. 
In  any  event,  field  operations  should  be  governed,  not  by  date, 
but  by  condition  as  it  exists  at  the  specified  time,  and  must  be 
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detennmed  by  an  intimate  knowledge  of  the  individual  lo- 
cality. 

The  data  covering  date  of  plowing  (See  Table  5,  or  Figure 
5}  and  wet  fall  disking  previous  to  spring  preparation  of  fal- 
low (See  Table  8,  or  Figure  8  and  Table  12,  or  Pigore  12) 
indicate  tbat  in  these  ezpenments  nothing  has  been  gained 
from  stirring  the  soil  in  the  fall.  During  the  four  years  of 
this  study,  fall  precipitation  has  been  light,  and  while  the 
soil  was  moist  enough  to  plow  well  when  given  the  wet  fall 
treatments,  the  moisture  content  was  not  at  a  maximum,  cor- 
responding more  nearly  iu  condition  to  the  intermediate  date 
of  spring  plowing.  As  a  result,  settling  was  comparatively 
slight,  and  some  time  elapsed  before  contact  and  absorptive 
condition  in  the  stirred  soil  equaled  that  in  the  unstirred,  even 
though  the  period  following  the  stirring  was  that  of  greatest 
precipitation.  Had  rainfall  been  [greater,  resulting  in  a  higher 
moisture  content  at  the  date  of  plowing  or  disking,  and  in 
eorrespondmgly  greater  settling  and  better  contact,  the  result 
might  have  been  different.  This  latter  statement  is  of  course 
conjecture,  but  conjecture  based  on  results  under  a  similar 
condition,  and  is  interesting  iu  that  it  su^ests  the  necessity 
of  considering  condition  in  its  effect  on  the  outcome  of  a  given 
operation  no  matter  at  what  date  the  operation  be  performed. 

In  summing  up  the  consideration  of  absorption  in  moisture 
conservation,  the  importance  of  one  factor,  the  degree  of  firm- 
ness or  soil  contact,  is  apparent  in  all  the  data.  It  is  shown 
in  the  effect  of  fall  disking,  either  dry  (See  Table  7,  or  Figure 
7)  or  wet  (See  Table  8,  or  Fijgure  8).  It  is  shown  in  the  differ- 
ent results  secured  from  varying  the  depth  of  plowing  on 
different  dates  (See  Table  6,  or  Figure  6).  It  is  shown  in 
the  better  results  from  the  immediately  tilled  soils  (See  Table 
10,  or  Figure  10)  and  from  the  sub-surface  packed  soils  (See 
Table  11,  or  Figure  11).  It  is  shown  in  the  superior  moisture 
content  of  the  disked  fallow  over  that  prepared  by  plowing 
(See  Table  12,  or  Figure  12). 

The  data  indicate  that  for  conditions  as  they  have  prevailed 
during  the  period  of  these  experiments,  abaorpticni  is  the  moet 
important  factor  in  saving  moisture  for  crop  tise. 
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Retention 

The  theoretical  basis  of  moisture  retention  in  field  practice 
has  been  the  loose  soil-mulch.  In  theory,  the  muleh  is  held  to 
break  capillary  connection  between  the  surface  and  the  un- 
derlying soil,  so  preventing  upward  moisture  movement  and 
consequent  loss  by  evaporation.  More  recent  studies  tend  to 
cast  some  doubt  on  the  relative  importance  of  the  mulch  in  actu- 
ally saving  soil  moisture.  Call  and  Sewell  (19)  hold  that,  for 
Kansas  conditions,  evaporation  is  not  less  in  the  end  from  a 
mulched  soil  than  from  an  unstirred  one,  and  ascribe  the  bene- 
ficial effects  of  cultivation  to  killing  weeds  and  to  preventing 
run-off,  rather  than  to  retentive  qualities  in  the  mulch,  and 
Harris  and  Jones  (10)  conclude  that  for  Utah  conditions  the 
destruction  of  weeds  is  more  important  than  the  maintenance 
of  8  mulch  in  conserving  moisture. 

In  this  area,  the  season  of  moisture  conservation  is  divided 
into  two  rather  distinct  period.s,  one  of  precipitation,  during 
which  absorption  is  of  paramount  importance,  and  one  of 
comparative  drouth  during  which  retention  is  the  major  con- 
sideration. These  two  periods  over-lap  more  or  less,  and  the 
relative  importance  of  the  mulch  in  retention  as  compared  with 
its  detrimental  effect  on  absorption,  which  has  been  pointed  out, 
should  be  understood.  In  any  case,  the  mulch,  created  during 
the  dry  period,  persists  into  the  next  period  of  rainfall, 
so  there  can  be  no  sharp  definition  of  function  in  considering 
the  mulch  as  such.  It  must  be  considered  in  both  phases  of 
its  relation  to  the  problem  of  moisture  conservation. 

The  data  covering  the  retentive  affects  of  the  mulch  are  less 
conclusive  thim  those  covering  absorption,  yet  while  probably 
too  limited  for  definite  conclusion,  they  do  indicate  that  re- 
tention has  a  certain  importance,  aside  from  weed  control, 
and  should  not  be  entirely  disregarded  in  tillage  operations. 

During  that  portion  of  the  absorptive  period  when  plant 
growth  is  comparatively  inactive,  the  data  show  that  nothing 
is  gained  in  moisture  conservation  by  the  creation  of  a  mulch. 
This  period  extends  up  to  and  includes  the  intermediate  date 
of  spring  plowing,   as  shown  by  the  data  covering  date  of 
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plowing  (See  Table  5  or  Figure  5)  and  spring  disking  previ- 
ous to  spring  plowing  (See  Table  9,  or  Figure  9).  After  the 
intermediate  date  of  spring  plowing,  moisture  losses  are  greats 
er  and  tillage  saves  moisture.  This  is  shown  in  the  superior 
moisture  content  of  the  plots  disked  on  the  intermediate  date 
and  plowed  in  June  as  compared  with  the  plots  otherwise  - 
treated  the  same  without  the  intermediate  disking  (See  Table 
9,  or  Figure  9).  Weed  growth,  at  the  time  of  June  plowing, 
has  been  very  limited  on  plots  disked  at  the  earliest  spring 
date,  so  moisture  differences,  in  this  case,  cannot  be  ascribed 
wholly  to  killing  weeds. 

As  additional  evidence  that  the  mulch  does  function  in  re- 
taining moisture,  the  moisture  advantage  of  the  plots  disked 
twice  during  the  spring  and  plowed  in  June  (See  Table  9.  or 
Figure  9)  over  those  given  spring  disking  only  in  preparing 
the  fallow  (See  Table  12,  or  Figure  12)  might  be  cited. 

Previous  to  the  intermediate  date  of  spring  plowing,  the 
detrimental  affects  of  the  mulch  on  absorption  outweigh  or 
equalize  its  retentive  qualities.  After  that  ^ate,  or  more  prop- 
erly condition,  is  passed,  retention  becomes  relatively  more 
important.  Considering  the  problem  from  a  purely  moisture 
conservation  standpoint,  retention  may  be  promoted  and  ab- 
sorption, as  it  is  concerned  with  the  remaining  spring  rainfall, 
will  not  be  seriously  interferred  with  by  a  shallow  muleh  dur- 
ing this  period.  The  feasibility  of  creating  such  a  mulch  is  a 
matter  of  management  to  be  decided  by  the  individual  operator 
depending  on  local  conditions. 

Later  in  the  season,  as  temperatures  become  comparatively 
high  and  evaporation  acts  more  rapidly  than  capillary  move- 
ment of  soil  moisture,  the  soil  tends  to  self  mulch.  During 
mid-summer  and  early  fall,  the  artificial  mulch  is  probably 
less  necessary  in  retaining  moisture. 

In  general,  tillage  for  weed  control  must  be  given  at  or  near 
the  time  when  the  mulch  is  most  efficient  as  a  retentive  agent. 
It  seems  best,  therefore,  in  practice,  to  limit  all  tillage  for  re- 
tention of  moisture  other  than  plowing  to  that  necessary  to 
control  weeds. 
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son.  NITRATE-HITBOaEN 

Moisture  is  the  chief  limiting  factor  in  dry  farm  crop  produc- 
tion, but  soil  plant  food  also  affects  the  final  result.  The  in- 
tluence  of  tillage  operations  on  plant  foods  should  be  at  least 
partially  considered  before  attempting  a  general  application 
of  principles. 

The  soil  plant  food  element  most  influenced  by  tillage  is  , 
nitroigen.  Nitrogen,  present  in  the  soil  in  the  form  of  organic' 
or  plant  material,  is  dependent  on  the  activities  of  certain 
bacteria,  through  a  process  called  nitrification,  to  change  it 
to  the  nitrate  form  used  by  plants.  Nitrification  under  normal 
field  conditions,  is  most  active  in  the  surface  six  to  eight  inches. 
Below  the  depth  of  one  foot  there  is  very  little  if  any  forma- 
tion of  nitrates.  The  temperature  of  the  soil  and  the  moisture 
content  of  the  zone  in  which  nitrification  takes  place  are  both 
important  in  promoting  the  process  (20)  (21).  Any  soil  treat- 
ment which  holds  the  moisture  near  the  surface  for  the  longest 
time  during  the  warm  period  of  the  year  most  favors  nitrifica- 
tion (22).  In  a  fallowed  soil  this  is  best  accomplished  by 
maintaining  a  relatively  firm  condition  with  a  comparatively 
shallow  mulch. 

A  study  of  Figure  5  shows  a  great  similarity  in  the  curve 
representing  total  soil  moisture  and  that  representing  total 
nitrate-nitrogen.  With  certain  exceptions  (See  Figure  6),  all 
other  data  tend  to  confirm  this  agreement.  This  relation  is 
not  a  direct  one,  but  is. due  to  the  fact  that  moisture  conserva- 
tion and  nitrification  are,  for  the  particular  conditions  of  this 
experiment,  promoted  by  a  similar  soil  condition.  In  this  case, 
proper  attention  to  moisture,  the  chief  limiting  factor,  also 
insures  the  treatment  best  promoting  nitrification, 

A  careful  study  of  the  data  shows  that,  for  the  dry  period 
of  this  study,  grain  yield  has  been  proportional  to  total  mois- 
ture and  not  to  nitrate-nitrogen.  This  indicates  that  under 
such  conditions,  nitrate-nitrogen  is  not  as  yet,  at  least,  a  limit- 
ing factor.  Straw  yields,  however,  are  affected  by  nitrate- 
nitrogen  content,  which  of  course  indicates  greater  possibili- 
ties in  grain  yield  for  a  hiigher  nitrate-nitrogen  content  in  a 
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season  or  locality  of  better  moisture.  This  suggests  that  un-- 
der  better  dry  farming  conditions,  nitrate-nitrosen  may  be  a 
limiting  factor  in  production,  and  that,  in  such  cases,  more 
attention  should  be  given  to  tillage  as  it  has  a  bearing  on 
nitrate  development. 

A  more  complete  discussion  of  this  factor  is  reserved  for 
publications  intended  for  use  where  nitrate-nitrogen  does 
Jimit  production. 

INTERPSETATION  OF  THE  DATA  IN  FARM  PBACTICE 

It  ia  unwise  to  make  detailed  suggestions  for  applying 
specific  methods  under  a  wide  range  of  conditions,  when 
these  suggestions  are  based  on  experimental  work  done  under 
only  one  set  of  these  conditions.  Local  variations  in  soil  and 
climate  may  materially  modify  the  operation  of  principles, 
and  the  most  that  can  be  done  with  safety  is  to  point  out  a 
few  of  the  most  important  factors  involved,  leaving  the  farmer 
to  supply  the  details  for  his  own  particular  locality. 

The  purpose  of  this  bulletin  is  to  develop  the  principles  of 
moisture  conservation  concerned  in  all  tillage  practice  under 
conditions  such  as  prevail  in  the  area  eoverjed.  There  are 
always  considerations  of  management  or  economy  which  must 
be  borne  in  Aaind  in  applying  any  principle  to  farm  conditions, 
and  in  this  case  the  saperiority  of  any  particular  method  in 
moisture  conservation  does  not  mean  that  il  is  economically 
feasible.  The  influence  of  the  different  variations  in  these 
experiments  on  the  result  of  any  given  operation  has  been 
pointed  out,  and  on  this  basis  it  is  hoped  the  reader  ean  in- 
terpret the  data  in  terms  of  conditions  and  principles,  rather 
than  of  methods  or  systems.  If  this  interpretation  be  given, 
these  experiments  are  usable  over  a  much  wider  range  than 
otherwise. 

DRY  FASMXNG  IN  WASHmOTON  UNDER  AN 
EXTREMELY  DRY  CONDITION 

In  the  more  dry  districts  of  this  state,  farming  has  very 
large  elements  of  risk.  In  favored  seasons,  yields  are  good 
and  profits  for  that  particular  season  are  large ;  but  average 
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yields  are  comparatively  light,  and  without  careful  manage- 
ment, operation  co^ts  during  poor  years  may  be  enough  larger 
than  income  to  more  than  balance  the  profits  of  better  ones. 
For  that  reason,  the  expense  of  all  operations  must  be  kept 
at  a  minimum. 

It  is  hoped  the  discussions  of  this  bulletin  will  aid  in  un- 
derstanding what  is  necessary  tillage,  and  how  the  desired 
result  may  be  secured  with  a  mimmum  of  labor  and  expense. 

The  data  of  the  experiments  show  that  a  firm  condition,  or 
a  modified  firm  condition,  of  the  soil  is  most  favorable  in 
saving  moisture.  The  degree  and  kind  of  firm  condition  de- 
sired depends  on  the  period  of  the  year. 

In  the  fall,  soil  moisture  is  low  in  stubble  ground,  and  little 
<ran  be  lost  by  evaporation.  Weeds  may  take  a  certain  amount, 
but  not  enough  to  off-set  later  losses  from  poor  absorption 
if  the  soil  is  stirred  while  dry.  Under  ordinary  conditions, 
do  not  fall  disk  or  plow,  either  wet  or  dry. 

In  the  spring,  the  moisture  content  of  the  surface  soil  is 
largest  in  amount  and  losses  by  evaporation  are  proportion- 
ately (greater  than  at  any  other  time.  Tillage  at  this  time, 
by  killing  weeds  and  by  creating  a  surface  mulch,  lessens 
initial  moisture  losses.  Because  the  soil  is  very  moist,  it  set- 
tles and  even  after  being  stirred  absorbs  moisture  compara- 
tively well.  On  the  light  soil  types  prevailing  in  this  region, 
it  is  very  desirable  that  the  surface  be  as  cloddj'  as 
possible.  Such  a  cloddy  surface  does  not  blow  as  readily 
as  a  more  pulverized  one,  and  the  soil  physical  condition  fol- 
lowing rains  is  also  better.  Early  tillage  is  best  for  creating 
the  cloddy  condition.  Prepare  fallow  as  early  in  the  spring 
as  possible. 

Only  a  part  of  early  tillage  (plowing,  disking,  etc.)  can  be 
early  enough  to  catch  the  soil  when  it  is  most  moist.  As  the 
eeason  progresses  and  the  soil  moisture  approaches  the  lower 
limits  at  which  the  soil  still  plows  well,  tilla|ge  should  be  more 
shallow.  The  lighter  the  annual  rainfall,  the  more  shallow 
should  be  the  average  depth  of  plowing  or  other  tillage. 

In  practice,  continued  shallow  plowing  results  in  the  forma- 
tion of  a  plow-sole  just  under  the  turned  soil.     Such  a  plow- 
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sole  can  be  broken  np  by  varying  the  depth  of  plowing.  Deep 
plowing  is  equal  or  superior  to  shallow  jdowing  only  in  earl;' 
spring. 

Soil  blowing  may  modify  tillage  practice.  The  problem  is 
not  within  the  scope  of  this  bulletin,  yet  brief  attention  should 
be  given  the  question  as  influenced  by  the  fundamentals  of 
dry  farming.  The  use  of  any  method,  which  controls  soil 
blowing,  is  good  if  the  method  also  conforms  to  the  principles 
of  moisture  conservation.  The  seriousness  of  the  problem 
may  sometimes  over-shadow  all  other  considerations,  but 
moisture  is  still  the  factor  which  limits  production  after  the 
blowing  is  stopped,  and  a  method  which  merely  controls  the 
blowing  without  conserving  moisture  has  not  solved  the  prob- 
lem. 

Control  of  weeds  on  the  fallow  is  essential.  Tillage  for 
ihis  purpose  should  be  the  only  tillage  ever  practiced  when 
the  soil  is  dry. 

In  determining  tillage  methods  a  careful  study  should  be 
made  of  local  conditions.  Learn  how  these  conditions  affect 
absorption  and  retention  of  moisture.  Ou  this  basis,  deter- 
mine how  and  when  the  least  labor  will  produce  the  desired 
result.    Reduce  all  tillage  to  the  necessary  minimum. 

DRY  FAEHDra  IN  WASmNQTOM  UNDER  MORE 
FAVORED  COMDinONa 

The  same  general  principles  apply  as  under  the  more  arid 
conditions.  Differences  in  soil  type  and  rainfall  (See  Figure 
2),  however,  give  somewhat  different  results  from  tillage. 
Because  of  the  more  abundant  moisture  supply,  practice  has 
a  wider  range  for  variation  without  equally  pronounced  detri- 
mental effects.  In  other  words,  operations  that  are  distinctly 
detrimental  under  drier  conditions  may  be  only  sightly  so 
or  not  at  all  with  greater  rainfall. 

A  dry  surface  mulch  acts  exactly  as  it  does  under  the  more 
arid  condition,  so  long  as  rains  are  not  of  sufficient  volume  to 
wet  through  the  mulch.  However,  a  greater  rainfall  more 
quickly  penetrates  the  mulch  and  its  detrimental  affect  is  less- 
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ened  and  not  so  prolonged.  Under  the  neater  rainfall  both  the 
absolute  and  the  proportionate  inhibitory  absorptive  effect 
are  leas  than  in  the  drier  districts.  •■ 

The  volume  of  precipitation  and  soil  type  have  an  important 
bearing  in  determining  the  advisability  of  fall  tillage  under  the 
more  favored  conditions.  As  pointed  out  in  the  discussion  of 
fall  plowing  on  page,40,  the  moisture  content  of  the  soil  de- 
termines veiT  largely  the  physical  effect  of  plowing,  whether 
or  not  the  soil  settles,  and  its  condition  as  affecting  moisture 
absorption.  If  fall  moisture  is  abundant,  any  soil  will  be  in 
better  condition  for  absorption  following  tillage,  and  fall  plow- 
ing may  be  practiced  with  proportionately  better  results.  "With 
better  rainfall,  soil  type  is  also  usually  heavier  and  the  soil 
pulverizes  less  when  plowed  dry.  This  results  in  a  condition 
not  unfavorable  for  absorbing  run-off  from  the  melting  snows. 
Any  or  all  of  these  factors  may  be  operative  to  the  extent 
that  the  choice  between  fall  and  early  spring  plowing 
becomes  one  of  management  in  getting  all  plowing  done  at 
the   most  favorable  period. 

There  does  not,  however,  appear  to  be  a  valid  reason  for 
either  fall  disking  or  plowing  of  fallow,  provided  the  work 
can  be  done  at  the  proper  time  in  the  spring.  It  may  be 
argued  that  stubble  and  straw  residues  should  be  turned  un- 
der in  the  fall,  but  the  advantages  of  this  are  doubtful.  Stand- 
ing stubble  prevents  the  blowing  of  snow  from  fields  and 
cheeks  the  evaporative  effect  of  winds.  A  heavy  stubble  is 
undoubtedly  more  efficient  in  saving  moisture  than  is  the 
stirred  soil.  There  are  exceptions  to  this  statement,  but  it 
will  hold  true  in  the  great  majority  of  cases  in  this  area.  If 
stubble  and  straw  must  be  worked  into  the  soil  before  plow- 
ing, spring  disking  is  as  effective  as  is  the  fall  work,  and  there 
are  no  possible  detrimental  results  from  stirring  the  soil  at 
this  time.  However,  as  suggested  above,  the  question  of  fall 
tillage  is  a  matter  of  condition  and  of  management,  and  must 
be  decided  by  each  individnal  farmer  for  himself  each  year, 
his  decision  being  based  on  these  factors. 

When  for  any  reason,  spring  plowing  is  to  be  delayed  until 
after  volunteer  grain  and  weeds  will  have  made  considerable 
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growth,  the  soil  should  be  disked  early  enough  to  prevent 
siich  growth.  Experimental  evidence  shows  that  early  disk- 
ing^and  late  plowing  is  a  good  system  in  conserving  moisture, 
and  it  works  well  from  a  management  standpoint  in  grow- 
ing spring  wheat. 

For  winter  wheat  very  early  spring  plowing  is  preferable. 
A  more  settled  soil  condition  is  desirable  than  for  spring 
wheat.  This  more  firm  soil  holds  moistifre  nearer  the  surface, 
and  comparatively  light  fall  rains  allow  seeding.  Early  spring 
plowing,  at  a  time  when  the  moisture  content  of  the  soil  is 
high,  favors  the  development  of  this  condition  with  a  mini- 
mum of  subsequent  tillage. 

As  suggested  in  outlining  the  limits  for  applying  the  con- 
clusions of  this  bulletin,  there  are  conditions  in  this  state 
where  the  principal  benefit  of  the  summer-fallow  is  due  to 
its  effect  on  nitrification.  The  greater  the  rainfall,  the  more 
attention  should  be  paid  to  this  factor.  In  such  cases,  im- 
mediate tillage  after  the  plow  is  desirable.  Heavier  soil  types, 
in  particular,  do  not  break  up  as  completely  in  plowing  as  is 
most  desirable,  and  the  additional  tillage  is  necessary  to  work 
down  inequalities.  Without  this  stirring,  such  soils  do  not 
properly  settle  and  tend  to  dry  out  more  or  less  irregularly 
through  the  plow-layer.  This  checks  nitrification.  Immediate 
tillage  after  the  plow  is  not  always  advisable,  and  local  con- 
ditions may  overbalance  some  of  its  advantages,  yet  as  a  gen- 
eral rule,  the  practice  is  desirable  imder  the  better  conditions. 

Weed  control  on  the  fallow  is  just  as  essential  under  more 
favored  as  unde;'  less  favored  conditions.  Not  only  do  weod» 
remove  moisture,  but  they  use  the  nitrates  so  necessary  in 
producing  the  crop. 

StTMMABY 

1.  The  discussion  of  principles  and  conclusions  are  based 
on  conditions  as  they  exist  in  the  state  of  Washington  under 
a  rainfall  of  15  inches  and  less. 

2.  T'nder  these  conditions,  moisture  is  thedirect  liraitiujr 
factor  in  production,  and  the  summer-fallow  system  of  tillaige 
for  the  conservation  of  moisture  is  necessary. 
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3.  Moisture  eonservation  depends  on  the  absorption  and 
the  retention  of  precipitation. 

4.  Tillage  operations  shonld  be  planned  to  control  absorp- 
tion and  retention  in  so  far  as  this  is  possible. 

5.  In  this  dbtrict  the  regulation  of  absorption  is  the  most 
important  consideration   in  determining  tillage  methods. 

6.  With  a  tight,  intermittent  rainfall,  followed  by  drying 
winds,  8  comparatively  firm  soil  condition  most  favors  ab- 
sorption and  a  loose  soil  condition  hinders  the  process. 

7.  Under  conditions  where  a  loose  soil  is  unfavorable  in 
moisture  absorption  the  detrimental  affect  is  in  direct  pro- 
portion to  the  depth  of  the  loose  soil. 

8.  At  a  moisture  content  near  the  field  capillary  capacity 
for  the  given  soil  type,  a  soil  tends  to  settle,  or  naturally 
refirm  itself,  to  the  greatest  degree  after  stirring.  Under 
such  conditions,  plowing  or  other  tillage  may  be  deeper  with- 
out an  equally  deterimental  gffct't  on  abj^orption. 

9.  At  a  lower  moisture  content,  a  soil  tends  to  remain  in 
a  more  loose  condition  after  being  stirred.  As  the  moisture 
content  of  the  plow-layer  diminishes,  plowing  or  other  tillage 
should  be  more  shallow,  in  order  to  avoid  the  detrimental 
affect  of  the  loo^e  soil  on  absorption. 

10.  The  lower  the  average  annual  rainfall  the  more  shal- 
low should  be  the  average  depth  of  plowing.  In  general, 
depth  of  plowing  should  decrease  with  the  advance  of  the 
spring  season. 

11.  Retention  of  moisture  is  best  accomplished  by  early 
spring  preparation  of  the  fallow  and  the  control  of  weeds. 

12.  Variations  in  soil  type  and  in  the  average  annual  rain- 
fall give  varying  results  from  any  specified  operation  or  sys- 
tem. Each  farmer  should  possess  an  intimate  knowledge  of 
local  conditions  in  order  to  regulate  operations  properly  and 
to  apply  principles  accurately  and  in  accord  with  best 
economy. 
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AN  INVESTIOATION  OP  SUUUE  AS  A  PLANT  FOOD* 


INTRODUOTION 

SuLfur  and  land  plaster  have  been  regarded  as  more  or  less 
important  plant  food  for  many  years  but  definite  information 
as  to  their  ftmction  as  plant  food  material  has  been  very  in- 
complete. 

In  1909,  therefore,  the  AVashingtoa  Agricultural  Experi- 
ment Station  undertook  to  deteriniue  whether  or  not  Wash- 
ington soils  are  deficient  in  sulfur,  what  function  sulfur  in 
the  soil  plays  in  plant  nutrition  and  whether  or  not  much  of 
the  beneficial  effect  of  land  plaster  as  a  fertilizer  is  due  to  its 
sulfur  rather  than  its  calcium  content.  Since  then,  this  study 
has  been  conducted  with  more  or  less  regularity  at  the  Ex- 
periment Station  at  Pullman  and  in  cooperation  with  farmers 
in  the  neighborhood  of  Pullman.  This  paper  deals  with  the 
results  obtained  in  these  studies. 

In  connection  with  this  work,  an  improved  method  for  esti- 
mating the  total  sulfur  in  both  soil  and  plant  material  has 
been  devisfid.  The  sulfur  content  of  acme  of  the  virgin  and 
cultivated  soils  of  Eastern  Washington  and  various  forms  of 
plant  materialhas  been  determined.  Various  crops  have  becu 
grown  in  the  field  and  under  greenhouse  conditions  using 
sulfur  in  a  comparative  way.  A  study  of  the  effect  of  sulfur 
containing  chemicals  on  the  solubility  of  the  mineral  plant 
food  in  the  soil  has  also  received  attention.  The  results  of 
these  investigations  are  presented  in  this  bulletin. 

An  historical  review  dealing  with  sulfur  and  sulfur  com- 
pounds as  plant  food  and  the  effect  of  these  substance^i  on 
the  solubility  of  soil  minerals,  the  amount  of  sulfur  brought 
to  the  earth  by  means  of  rain,  the  sulfate  content  of  drainage 
water  and  many  other  related  sub,iects  are  summarized. 

*The  authors  here  wisb  to  acknowledge  tbe  helpful  assistance 
of  W.  L.  Hadlock,  C.  K.  McWilliams,  A.  L.  Sherman  and  A.  E. 
Craner  in  the  laboratory  work  fn  connection  with  this  Investieation 
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HISTOBIOAL 

Sulfur  Oontent  of  Crops:  On  the  basis  of  the  sulfur  an- 
alysis made  by  "Wolf,  the  sulfur  content  and  requirement  of 
plants  was  considered  for  years  to  be  very  low.  As  is  well 
known,  these  original  sulfur  analyses  were  made  on  the  ash 
of  the  plants.  It  has  been  shown  by  various  invesligators, 
among  whom  are  Hart  and  Peterson  (115),  Shedd  (207),  and 
Ames  and  Boltz  (2),  working  with  the  Osborne  sodium  per- 
oxide fusion  method  or  other  methods,  that  the  sulfur  con- 
tent of  plants  is  much  higher  than  the  original  analyses  in- 
dicated. Sulfur  is  usually  considered  to  be  present  in  plants 
in  one  or  both  of  two  forms,  organic  and  sulfate  sulfur.  The 
amount  of  sulfate  sulfur  present  in  the  plant  seems  to  vary 
with  soil  treatment.  Shedd  (205)  found  that  sulfur  treat- 
ment increased  the  sulfate  content  of  plants,  as  well  as  the 
total  sulfur  content.  In  clover  and  alfalfa,  the  increased  sul- 
fur content  was  practically  all  in  the  form  of  sulfate.  Reimer 
and  Tartar  (194)  noted  that  alfalfa  from  sulfur-treated  plots 
contained  a  higher  per  cent  of  sulfur  than  the  alfalfa  from 
untreated  plots  and  it  also  contained  sulfates.  The  amount 
of  sulfur  per  ton  of  alfalfa  did  not  exceed  4.54  pounds;  they 
concluded  that  2.54  pounds  per  ton  is  too  low  and  that  3.30 
pounds  per  ton  is  sufficient  for  a  good  crop  of  alfalfa.  Peter- 
son (184)  shows  that  seeds  contain  but  traces  of  sulfates  or 
more  probably,  none  at  all.  Shedd  (205)  found  an  increase 
of  organic  sulfur  in  soybeans  from  the  use  of  ammonium  sul- 
fate as  a  fertilizer.  Peterson  (184)  found  more  organic  sul- 
fur in  clover,  rape,  and  radishes,  where  sulfur  was  present 
iu  the  fertilizer  used.  Ames  and  Boltz  (2)  report  increase 
of  organic  sulfur  in  rape  where  sulfates  were  applied  to  the 
soil. 

In  a  great  many  localities,  phosphorus  seems  to  be  the  lim- 
iting element  in  crop  production.  When  we  compare  the 
amount  of  sulfur  and  phosphorus  in  plants,  we  find  that 
in  some  cases  there  is  at  least  as  much  of  sulfur  as  of  phos- 
phorus, Ames  and  Boltz  (2)  state  that  the  cruciferae  con- 
tain an  amount  of  sulfur  which  exceeds  that  of  phosphorus, 
and   that  ordinarily   cereals    contain   approximately   half   as 
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much  sulfur  as  phosphorus.  Hart  and  Peterson  (115),  Shedd 
(207  and  208),  Brown  and  Kellogg  (37)  and  Swanson  and 
Miller  (22i)  all  show  that  many  cultivated  plants  contain  a 
latter  amount  of  sulfur  than  of  phosphorus.  Storers  (219) 
quotes  analysis  by  Boussingault,  showing  a  greater  amount 
of  phosphorus  in  clover  produced  on  land  manured  with  gyp- 
sum than  in  clover  produced  without  use  of  this  fertilizer.  Oc- 
casionally, the  application  of  sulfur  fertilizers  also  seems  to 
have  an  effect  on  the  amount  of  nitrogen  and  other  elements 
in  plants.  Reimer  and  Tartar  (194)  noted  that  alfalfa  from 
sulfur-fertilized  plots  contained  a  higher  per  cent  of  nitrogen. 
Shedd  (205)  reports  an  increase  in  protein  content  of  soy- 
beans from  ammonium  sulfate  fertilizer.  Ames  and  Boltz 
(2)  found  larger  protein  content  in  rape  when  sulfates  were 
used  in  the  fertilizer.  Lipman  (151)  found  that  gj-psum  often 
increased  the  total  nitrogen  of  the  crop  removed.  On  the 
other  hand,  Lipman,  Blair,  McLean,  and  Wilkins  (149)  re- 
port that  gypsum  did  not  greatly  affect  the  nitrogen  content 
of  soybeans  or  buckwheat.  Shedd  (205)  also  reports  that 
soybeans  did  not  show  increased  protein  with  increased  sul- 
fur. Singh  (211)  has  recently  found  that  gypsum,  on  Iowa 
silt  loam,  did  not  affect  the  nitrogen  and  potassium  content 
of  leguminous  crops,  except  with  red  clover  which  showed 
an  enormous  increase  of  potassium. 

Sulfur  Content  of  Soils:  In  regard  to  the  sulfur  content  of 
soils,  a  rather  wide  variation  is  found.  Clarke  (51)  states 
that  the  earth's  crust  contains  an  average  of  .11  per  cent  of 
sulfur.  Robinson  (197)  gives  analysis  of  various  types  of 
soil  from  different  regions  showing  an  extreme  variation  of 
160  pounds  to  2600  pounds  of  sulfur  per  acre  in  the  surface 
soil.  In  an  earlier  publication,  Robinson  (196)  showed  the 
sulfur  content  of  various  types  of  soil  to  vary  from  240 
pounds  to  3120  pounds  per  acre  in  the  surface  soil,  the  aver- 
age being  1040  pounds.  Rcimer  and  Tartar  (194)  found  that 
from  300  to  760  poimds  of  sulfiu-  per  acre  appeared  in  the 
surface  soil.  Broivn  and  Kellogg  (37)  showed  the  sulfur  con- 
tent of  the  surface  soil  of  representative  Iowa  soil  types  to 
run  from  719  to  938  pounds  per  acre.     According  to  Ames 
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and  Boltz  (2)  there  were  412  to  800  pounds  of  sulfur  per  aere 
in  Ohio  uncultivated  soils  and  slightly  less  in  the  correspond- 
ing cultivated  soils.  Conner  (Proceedings  Indiana  Academy 
of  Science  1914)  found  cropped  soils  to  contain  the  same 
amount  of  sulfur  as  virgin  soils  (4S0  pounds).  Swanson  and 
Miller  (224)  give  the  per  tent  of  sulfur  in  two  virgin  soils 
as  0.044  and  0.0i)2  and  in  the  corresponding  cropped  soils  as 
0.027  and  0.036  per  cent,  thus  showing  a  loss  of  38.5  and  41.5 
per  cent  of  sulfur  respectively  from  the  cropped  soil.  In  a 
set  of  virgin  soils  the  sulfur  content  varied  from  0.036  to 
0.062  per  cent,  the  average  being  0.046  per  cent.  They  give 
the  average  for  subsurface  soils  as  0.044  per  cent  and  0.034 
per  cent  for  subsoil.  In  a  cropped  soil,  the  sulfur  in  the  sur- 
face soils  varied  from  0.017  to  0.036  per  cent,  averaging  0.027; 
the  subsurface  average  was  0.022  and  the  subsoil  average  waa 
0.026  per  cent. 

Upon  comparing  the  sulfur  and  phosphorus  content  of  the 
soil,  Hart  and  Peterson  (115),  Shedd  (207  and  208)  .Brown 
and  Kellogg  (37),  Swansoii  and  Miller  (224),  and  Ames  and 
Boltz  (2)  all  found  the  soil  to  contain  less  sulfur  than  phos- 
phorus. 

Loss  in  Drainage:  Althouigh  the  loss  of  phosphorus  in 
drainage  water  is  very  small  as  noted  by  Lyon  and  Bizzel 
(158)  and  others,  as  well  as  by  one  of  the  authors  in  unpub- 
lished results  obtained  at  the  Illinois  Experiment  Station, 
the  amount  of  sulfur  lost  is  quite  appreciable  and  in  some 
eases,  seems  to  be  large.  From  the  Rothamsted  data,  Stewart 
(215)  estimates  a  loss  of  from  20  to  80  pounds  of  sulfur  per 
acre  annually.  He  also  states  that  European  estimates  are 
from  8  to  270  pounds  depending  on  treatemnt.  The  loss  in 
Arkansas  is  estimated  at  6  pounds  per  acre.  Lyon  and  Bizzel 
(158)  report  that  the  sulfur  content  of  drainage  water  from 
unplanted  soils  was  about  equal  to  the  sulfur  content  of  the 
crop  and  drainage  from  the  planted  soil.  They  also  report 
that  the  sulfate  sulfur  in  drainage  was  three  to  six  times  as 
great  as  in  the  crops.  They  summarize  some  of  the  results 
of  other  investigators  and  find  that  from  uncropped  soils  the 
loss  of  sulfur  varies  from  8  to  208  pounds  per  acre  per  year. 
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These  extremes  are  both  results  from  German  sources.  Prom 
cropped  soils  the  loss  varied  from  26  to  281  pounds.     These 

reports  indicate  that  cropping  seemed  to  conserve  sulfur. 
Swanson  and  Miller  (224)  conclude  that  ""  "  the  loaa  in 
sulfur  due  to  the  amount  taken  up  by  the  crops  is  insignifi- 
cant when  compared  with  the  total  amount  which  has  disap- 
peared from  the  soil."  They  believe  that  sulfofication  has 
been  in  excess  of  the  needs  of  the  crops  and  the  sulfates  pro- 
duced have  been  leached  out  of  the  ground.  Hart  and  Peter- 
son (115)  calculated,  from  AVi^consin  and  Rothamsted  data, 
that  the  loss  of  sulfur  in  drainage  is  three  times  the  amount 
brought  from  the  almosphere.  Hall  (107)  shows  that  tht 
average  amount  of  sulfur  leached  from  the  soil  amounts  to 
three  times  the  amount  added  by  rainfall.  Maclntire,  Willis 
and  Holdin(g  (159)  determined  the  loss  of  sulfur  in  drainage 
from  lysimeters  receiving  various  calcium  and  magnesium 
fertilizers  and  found  a  loss  of  from  13  to  64  pounds  of  sulfur 
per  acre,  with  an  eight  ton  application  of  the  salts. 

Sulfur  Supplied  by  Bain:  Stewart  (215)  presents  data 
showing  the  average  precipitation  of  sulfur  in  rainfall  over 
a  period  of  seven  yea'r.s  to  be  45.1  pounds,  per  acre,  annually. 
A  three  years  average  from  another  gage  shows  40.8  pounds 
per  year.  Maclntire,  Willis  and  Holding  (159)  report  a  three 
years  average  of  49.6  pounds  of  sulfur,  per  acre,  in  Knoxville, 
Tennessee,  raius.  Hall  (107)  and  Hart  and  Peterson  (115) 
have  measured  about  7  pounds  of  sulfur  in  the  annual  pre- 
cipitation. Ames  and  Boltz  (2)  state  that  Kossovich  found 
that  the  quantity  of  sulfur,  per  acre  basis,  contained  in  the 
rain,  varied  from  9  pounds  in  the  country  districts  to  72 
pounds  in  or  near  towns  and  cities.  Ames  and  Boltz  thiuk 
that  the  rains  of  the  United  States  carry  an  average  of  6  to 
7  pounds  of  sulfur  per  acre. 

Sulfur  Requirement;  Numerous  writers  have  commented 
on  the  need  of  sulfur  fertilizers.  Hart  and  Tottinghara  (116) 
state  that  "  •  •  ■  minimum  requirements  for  maximum 
plant  development  have  never  been  established  for  any  of  the 
essential    elements."      They    "   •  "  •  suggest    that    informa- 
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tion  as  to  whether  sulfur  is  a  limiting  factor  for  plant  growth 
in  any  soil  may  probably  be  obtained  by  testing  for  the  pres- 
eDce  of  sulfates  in  the  plants  grown  on  that  soil."  Their 
presence  would  indicate  that  there  was  a  sufficient  supply  for 
all  constructive  purposes  in  which  sulfur  is  involved.  'Tot- 
tingham  and  Hart  (230)  believe  that  adequate  consideration 
of  the  use  of  sulfur  must  recognize  its  tendency  to  deplete 
the  stock  of  calcium,  phosphorus  and  other  soil  constituents. 
Reimer  and  Tartar  (194)  have  obtained  large  increases  in 
the  yield  of  alfalfa  by  the  use  of  sulfur  fertilizers  alone  but 
slate  "  •  •  •  that  eventually,  at  least  one  other  element, 
phosphorus,  must  he  added  to  these  soils,  and  this  in  the  near 
future."  Hopkins  (12G)  thinks  that  the  high  sulfur  content 
of  plants  does  not  represent  their  needs,  but  merely  shows 
the  superabundance  of  sulfates  in  the  soil  water,  with  an 
extraordinary  consumption  by  the  plant  as  a  result.  Stewart 
(215)  concludes  that  sulfur  fertilizers  are  not  needed  as  the 
supply  from  the  rainfall  is  sufficient.  Brown  and  Kellogg 
(37)  conclude  that  commercial  sulfur-containing  fertilizers 
must  be  supplied  to  the  soil,  as  grain  farming  does  not  return 
sulfur  to  the  soil  and  manure  cannot  be  obtained  in  sufficient 
amounts  to  maintain  the  sulfur  supply.  They  believe  that 
when  phosphorus  is  also  needed  in  the  soil,  acid  phosphate 
would  probably  be  the  logical  fertilizer  to  use. 

Effect  on  Yield.  The  results  of  fertilization  with  sulfur  and 
sulfur  compounds  have  been  reported  by  a  large  number  of 
investigators.  Tottinigham  and  Hart  (230)  showed  that 
yields  of  oats  from  soil  cultures  were  greater  where  sulfur  had 
been  added.  Shedd  (205)  noted  that,  depending  on  the  crop 
and  soil,  sulfur  gave  increased  production,  or  no  effect,  or 
injury.  There  was  a  preponderance  of  gains  from  sulfur  ap- 
plication but  these  were  usually  small.  Sherbakoff  (209)  ob- 
tained increased  yields  of  potatoes  with  100  pounds  of  sulfur 
per  acre,  but  300  pounds  or  more  seemed  to  be  injurious.  Mc- 
Gonnell  (161)  found  that  sulfur  gave  good  results  mth  tur- 
nips. Bemhard  (11)  found  that  sulfur  (44  pounds  per  600 
square  yards)  showed  marked  beenfit  on  potatoes  aud  man- 
golds.    Feilitzen   (81)   found  that  four  out  of  five  varieties 


of  potatoes  yielded  more  with  the  inclusion  of  351  pouods  of 
sulfur  per  acre  in  the  Dormal  fertilizers.  Sabasnikov  (201) 
applied  sulfur  (10  g.  per  square  meter)  to  clay  soil  (.082% 
sulfur  tri-oxide)  and  produced  decided  increased  yields  of 
barley  and  rye.  Chauzit  (50)  found  that  application  of  sul- 
fur increased  the  yield  of  grapes  from  1.93  to  20.0  per  cent, 
and  when  it  was  used  with  other  fertilizers,  the  yield  in- 
creased from  9  to  3(i  per  cent.  The  best  results,  however, 
were  obtained  when  sulfur  was  used  in  connection  with  or- 
ganic matter.  Fellers  (83)  added  sulfur,  200  potmds  per 
acre,  to  an  acid  sassafras  sandy  loam  soil  of  low  productivity 
and  slightly  increased  the  yield  of  soybeans.  Boullanger  (23) 
and  Boullanger  and  Dugardin  (24)  increased  the  crop  yields 
by  applications  of  sulfur.  The  increases  obtained  were  much 
less  pronounced  in  sterilized  soils.  Demolon  (64)  obtained 
similar  results.  Ames  and  Boltz  (2)  obtained  increased  yields 
with  applications  of  sulfur  on  certain  crops.  Chancrin  and 
Desriot  (47-48-49)  by  applying  sulfur  at  the  rate  of  223  to 
446  pounds  to  the  acre,  obtained  increased  potato  and  beet 
crops.  Boullanger  compared  snlfur  and  sulfates  on  garden 
crops  and  obtained  increases  in  most  cases.  The  plots  treated 
with  sulfur  gave  the  best  results.  Vercier  (237)  and 
Liechti  (138)  reported  favorable  results  from  the  use  of 
sulfur  as  a  fertilizer.  Urban  (235)  secured  good  results  with 
sugar  beets  by  application  of  sulfur.  Feilitzen  secured  good 
results  with  potatoes,  Bernhard  (11)  with  potatoes  and  man- 
golds, Mangicn  (16G)  with  turnips  and  beets,  Tottingham 
with  rape  and  radishes,  and  Ames  and  Boltz  (2)  with  clover 
by  using  sulfur  as  a  fertilizer.  According  to  Shedd  (207), 
certain  forms  of  sulfur  had  no  etfect  on  yield.  Trischler 
(233)  obtained  but  slightly  increased  yields  of  mangols, 
Voekker  (242)  found  sulfur  to  be  without  effect  on  mustard, 
rape  and  clover.  Bossinelli  (21)  thought  sulfur  of  very 
doubtful  value.  Pfeiffer  and  Blanck  (187)  found  that  sulfur 
applied  at  the  rate  of  267  and  524  pounds  per  acre  did  not  in- 
crease yield  of  oats.  Pfeiffer  and  Simmermacker  (188)  ob- 
tained doubtful  results  with  beets.  Injury  to  crops  has  been 
noted  by  Demolon   (64).  Giannitto   (91),  Janicand   (130)   and 
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Hart  and  Tottingham  {116}  from  the  use  of  sulfur.  Wheeler, 
Hartwell  and  Jloore  (248)  noted  injury  to  cereals  following 
potatoes  unless  lime  was  used  with  sulfur.  Sherbakoff  (210) 
obtained  a  poor  stand  of  clover  by  using  9(XI  pounds  of'sulfur 
unless  lime  was  added.  Peilit2en  (82)  and  Lint  (140)  report 
similar  results.  Janicand  (130)  found  in  pot  experiments 
that  applications  of  sulfur  increased  the  yield  of  tomatoes. 
In  combination  with  ammonium  sulfate  or  complete  fertilizer 
sulfur  increased  the  yield  of  tomatoes.  Halsted  (112)  found 
that  720  pounds  of  sulfur  per  acre  reduced  the  yield  of  the 
succeeding  crop  of  potatoes  nearly  one-half.  Wheeler,  Hart- 
well  and  McMjre  (248)  found  marked  reduction  in  yields  of 
oats  and  millet.  Sherbakoff  (210)  found  that  900  pounds  of 
sulfur  gave  a  poor  stand  of  clover  which  was  improved  by 
supplementation  with  lime  or  commercial  fertilizer.  On  soil 
rich  in  humus  there  was  practically  no  injury.  With  larger 
amounts  of  sulfur  no  plant  growth  was  obtained.  Four  hun- 
dred and  fifty  pounds  of  sulfur  per  acre  showed  much  less 
injurious  effect. 

Vermorel  and  Danthony  (239),  in  a  series  of  pot  experi- 
ments, applied  sulfur  at  the  rate  of  44.6  to  89.2  pounds  per 
acre,  and  obtained  increases  only  where  organic  matter  was 
present.  Chauzit  (50)  obtained  the  best  results  with  grapes 
where  sulfur  was  used  in  conjunction  with  a  fertilizer  high 
in  organic  matter.  Vermorel  shows  that  manure  enhanced  the 
benefits  of  sulfur.  Zolla  (254)  asserts  that  the  effect  of  sul- 
fur varies  as  the  organic  matter,  producing  a  marked  in- 
crease in  the  presence  of  a  high  amount  of  organic  matter. 
Sherbakoff  (210)  found  the  injurious  after  effects  of  sulfur 
to  he  greatest  on  part  of  the  field  containing  a  very  low 
amount  of  humus.  Sabasnikov  (201)  observed  that  sulfur 
(gives  the  best  results  when  applied  to  a  fertile  soil. 

Giannilto  (91)  obtained  an  increase  in  yield  of  potatoes 
when  400  pounds  of  sulfur,  per  acre,  were  applied  with  other 
fertilizers  and  a  decrease  where  sulfur  was  applied  alone. 
Chauzit  (50)  found  the  same  variation  with  grapes.  MeCon- 
nell  (161)  and  Janicand  (130)  obtained  similar  results. 


Reimer  (194)  noted  that  in  ranch  experiments,  gypsum, 
sulfur,  superphosphate  and  iron  sulfate  all  gave  greatly  in- 
creased yields  frequently  being  double  the  cheek  plot  yields. 
The  stand  was  thicker,  freer  from  weeds,  and  the  plants  were 
larger  and  much  darker  green  in  color.  Bock  phosphate  and 
lime  gave  no  increase  of  yield,  Shedd  (207)  asserted  that 
gypsum  added  to  nitrogen,  potassium  and  phosphorus  gave  a 
decided  increase  of  tobacco.  Various  sulfur  fertilizers  gave 
increased  yields  of  soybeans  and  turnips,  some  fertilizers  gave 
increased  yields  of  mustard  and  in  some  cases  gave  increased 
yields  of  radishes  and  alfalfa.  Tottingham  and  Hart  i'l'iO) 
found  that  gypsum  was  superior  to  sulfur  when  used  both 
with  and  without  lime.  Singh  (211)  asserted  that  an  appli- 
cation of  1000  pounds  of  gypsum  increased  the  yield  of  red 
clover  in  a  silt  loam  soil,  and  that  100  and  500  pounds  had 
no  effect  on  other  legumes  or  wheat.  Pitz  (189)  states  that 
calcium  sulfate,  in  small  amounts,  increases  the  yield  of  red 
clover.  Sulfur  gave  very  slight  increases.  Batten  (9)  re- 
ported an  increase  of  about  25  per  cent  in  the  yield  of  pea 
nuts  from  the  application  of  gypsum.  Thome,  Williams,  and 
Ames  (228)  obtained  increases  in  the  yield  of  corn,  wheat  and 
hay  by  use  of  gypsum  on  manure.  Ames  and  Boltz  (2)  state 
that  Tdkeuchi  found  as  a  rule  that  gypsum  decreased  the  yield 
when  used  with  acid  fertilizers,  and  iucreased  the  yield 
when  used  in  connection  with  alkaline  fertilizers.  Gj-psum 
added  to  acid  phosphate,  potassium  chloride,  sodium  nitrate, 
calcium  carbonate,  and  potassium  sulfate  gave  increases  in 
the  weight  of  soybean  hay  in  both  pot  and  field  experimental 
plots.  Greaves  and  Carter  (99)  and  Kalayana  (133)  obtained 
better  yields  of  rice  with  better  color  by  the  use  of  gypsum. 
Lipman  (149),  in  pot  experiments  with  soybeans,  showed 
that  there  was  little  difference  in  the  crop  yield  or  nitrogen 
content  of  the  plants  fertilized  with  various  amoimts  of  cal- 
cium sulfate  in  a  loam  soil  fairly  rich  in  plant  food.  Calcium 
sulfate  gave  a  lower  percentage  of  nitrogen  in  plants  than 
other  fertilizers  did.  In  another  place  (149)  he  showed  that 
gypsum  had  little  or  no  effect  on  yield  or  protein  content  of 
soybeans.     Fellers   (83)    stated  that   calcium   sulfate  exerted 
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little  influence  on  the  yield  of  aoybeans  until  600  pounds  per 
acre  had  been  applied.  Lipman,  Blair,  McLean  and  Wilkins- 
(149)  found  that  calcinin  sulfate  did  not  greatly  affect  the 
yield  of  soybeans.  Gardner,  Nolls  and  Baker  (89)  found  that 
gypsum  did  not  increase  the  yield  (160  pounds  per  acre  per 
year).  Stewart  (215)  has  presented  results  showing  that  pot- 
assium sulfate  has  not  increased  the  yield  of  com,  oats,  wheat, 
clover,  soybeans  or  alfalfa  in  a  livestock  or  grain  system  of 
farming. 

Miller  (171)  obtained  an  increased  growth  of  red  clover, 
rape  and  oats  in  greenhouse  experiments  by  addition  of  sodi- 
um sulfate,  calcium  sulfate  and  sulfur.  It  is  concluded  that 
the  sulfur  acted  directly  as  a  plant  food.  Lipman  and  Ger- 
icke  (143)  believe  that  the  superiority  of  ammonium  sulfala 
over  other  forms  of  ammonium  fertilizers  for  barley  on  blow 
sand  is  due  to  its  sulfur  content.  Nedokuehaev  (174)  states 
that  ammonium  sulfate  applied  to  quartz  and  loam  iucreased 
the  yield  of  oats,  flax,  and  potatoes.  Jones  and  Shive  (133) 
obtained  better  yields  of  wheat  with  ferrous  sulfate  in  nutri- 
ent solution  than  with  ferric  phosphate. 

Hart  and  TottJngham  (116)  reported  stimulation  to  seed 
production  in  both  barley  and  oats  by  sulfates  on  silt  loam. 
Calcinm  sulfate  increased  the  clover  dry  matter  about  23 
per  cent.  It  gave  the  greatest  increase  with  rape  when  used 
with  complete  fertilizers.  Sulfur  was  generally  harmful  even 
in  the  presence  of  a  generous  supply  of  calcium  carbonate. 
Brown  and  Johnson  found  that  sulfate  had  no  effect  on  the 
yield  on  black  loam  rich  in  sulfur  and  poor  in  phosphorus. 
Ames  and  Boltz  (2)  found  that  the  crops  grown  in  the  field 
tests  reported,  do  not  give  conclusive  evidence  that  the  addi- 
tion of  sulfur  in  the  form  of  potassium  sulfate  to  a  soil,  having 
a  naturally  low  sulfur  content,  has  increased  the  yields  of 
general  farm  crops  to  any  appreciable  extent.  Griffiths  (102) 
obtained  mruch  greater  yields  of  beans,  turnips,  mangels,  po- 
tatoes, hay  and  grass  by  the  use  of  iron  sulfate,  but  the  yield 
of  wheat  and  other  grains  was  not  increased.  More  phos- 
phorus was  contained  in  bean  plants  and  other  crops  from 
manured  plots.     Hill  (123)   and  Brooks   (31)  obtained  larger 
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yields  of  wheat  and  soybeans  by  use  of  iron  sulfate.  Lip- 
man  (151}  obtained  an  increase  in  dry  matter  with  corn,  oats, 
wheat  and  timothy,  using  50,  100,  and  200  pounds  ferrous 
sulfate  per  acre.  Dymond,  Hughes  and  Jupe  (74)  demon- 
strated the  value  of  sulfates,  .particularly  with  erops  contain- 
ing a  high  proportion  of  albuminoids.  Lierke  (i:i9)  reports 
that  fruits  responded  to  fertilizers  containing  considerable 
amounts  of  sulfates.  Verniorel  and  Danthony  (2U9)  found 
that  pyrites  at  the  rate  of  89.2  to  ITS. 5  pounds  per  acre  aug- 
mented the  yield  of  wheat  and  beans  30  to  60  per  cent.  Swan- 
son  and  Miller  (224)  report  no  increased  yield  with  the  use 
of  potassium  sulfnte.  Call  of  the  Kansas  Station  did  not  ob- 
tain intreased  yield  of  alfalfa  or  other  crops  with  potassium 
sulfate. 

Applicatioo:  Totlingham  and  Hart  (230)  obtained  the  best 
results  by  application  of  1(X)  pounds  sulfur  per  acre.  Reiraer 
and  Tartar  (I9t)  advocate  200  pounds  gypsum  (15  per  cent 
.sulfur),  and  250  pounds  superphosphate  (12  per  cent  sulfur), 
or  40  pounds  sulfur,  or  40  or  50  pounds  of  sulfur  and  200 
pounds  of  rock  phosphate  per  acre  annually.  Fellers  (83) 
found  200  pounds  of  sulfur  slightly  beneficial  to  soybeans 
on  an  arid  sandy  loam  soil,  but  larger  amounts  were  detri- 
mental. Daikuhara  (')!*)  using  pot  experiments  with  three 
soils  indicated  that  less  than  .02  per  cent  sulfur-trioxide  was 
sufficient  to  meet  the  reciuirements  of  barley  plants. 

Explanation  of  Increased  Yields:  The  question  why  sulfur 
and  sulfur  compounds  increase  crop  yields  in  certain  cases 
is  an  interesting  and  much  disputed  one,  Bernhard  (12), 
Chancrin  and  Desriot  (49),  Boullanger  (24),  and  Heinze  (120) 
think  that  sulfur  functions  as  a  disinfectant  or  partial  ster- 
ilizer. Bernhard  (12)  and  DegruUy  (60)  believe  that  it  has 
a  physical  effect  upon  the  soil.  C'ettolini  (46)  and  Boullanger 
(22)  ascribe  a  catalytic  function,  Demolon  (64)  -attribuled 
the  action  of  .sulfur  to  the  progressive  transformation  into 
sulfuric  acid  thus  supplying  sulfur  to  the  plant  in  an  avail- 
able form  and  rendering  other  minerals  soluble,  Tottingham 
(229),  with  water  and  sand  cultures  of  clover,  finds  an  iii- 
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dicatioD  that  a  deficiency  of  sulfur  supply  restricted  groM-th 
by  Umiting  the  synthesis  of  protein. 

In  regard  to  calcium  sulfate,  Greaves  and  Carter  (99)  make 
the  emphatic  statement  that  it  is  the  most  powerful  soil  stim- 
ulant we  have.  Referring  to  Lipman's  and  Gericke'e  work, 
(142)  they  say  this  ia  due  maiuly  to  its  liberation  of  plant 
food,  especially  potassium.  They  refer  to  Brings  and  Brea- 
zeale  (28)  to  show  that  there  are  soils  where  it  does  not  in- 
crease the  solubility  of  potassium,  but  still  gives  increased 
yields.  Lipman  (147)  and  Lipman  and  Sharp  (145)  point 
out  that  gypsum  and  other  sulfates  are  a  specific  fo^  black 
alkali  chau(ging  the  sodium  carbonate  to  sodium  sulfate. 
Lipmau  and  Gericke  (142)  eooclude  that  all  soils  do  not  act 
alike.  Any  of  the  elements  may  be  made  soluble  from  some 
soils  by  calcium  sulfate  and  not  from  others.  They  obtain 
conflicting  results  with  different  types  of  soils. 

Effect  on  Root  System :  The  effect  of  sulfur  fertilizers  on 
the  root  system  of  plants  has  been  noted  by  a  number  of  in- 
vestigators. Reimcr  and  Tartar  (194)  find  that  "  •  "  •  the 
root  system  of  alfalfa  fertilized  with  any  of  the  various  sul- 
fur fertilizers  is  from  two  to  three  times  as  large  as  that  of 
the  unfertilized  plants."  Hart  and  Tottingham  (11(>)  found 
that  Ihe  root  systems  of  elover  fertilized  with  gypsum  were 
fully  twice  as  large  as  on  the  unfertilized  plants.  Pitz  (189) 
observes  that  the  root  development  of  red  clover  is  increased 
by  eak-ium  sulfate,  small  amounts  being  suffii-ient.  Hart  and 
Tottingham  (116)  noted  that  sulfates  greatly  increased  the 
root  development  of  elover  and  rape. 

Sulfiir  Fertilization  on  Nodnle  Formation:  Pilz  (189) 
found  that  there  were  three  times  as  many  nodules  on  roots 
of  young  red  clover  plants  fertilized  with  gypsum  as  on  un- 
treated plants.  Duley  (68)  has  shown  that  sulfur  and  tgj*p- 
sum  enormously  increase  the  number  of  nodules  on  red  clover 
roots  on  certain  Missouri  soils.  Reimer  (194)  found  that  on 
some' soils  the  nodules  on  the  roots  of  alfalfa  plants  from  the 
fertilized  plots  have  been  far  more  numerous  than  on  those 
from  the  unfertilized  plots.     Miller  (171)  noted  that  sulfates 

15 

r.:,t,:,:kv,  Google 


cautieci  increased  root  development  and  number  of  nodules 
ou  clover  grown  in  soil  plots.  Fellers  (83)  and  Wilson  (251) 
found  that  caleium  sulfate  depressed  uodule  formation  o£ 
soybeans  as  did  also  ziu<:  sulfate  and  ferric  sulfate  but  mag- 
nesium sulfate  stimulated  nodule  formation. 

Snlf ofication :  .Mares  (168)  records  ihe  fact  that  K-hen  sul- 
fur is  added  to  the  soils  it  is  changed  to  sulfates.  DegruUy 
(60)  found  that  sulfur  (11)9  gm,  per  square  meter)  was  large- 
ly oxidized  to  sulfates.  Brioux  and  Guerbet  {'S'i)  noted  that 
in  an  innoculated  soil  94  per  cent  of  the  sulfur  added  was  ox- 
idized to  sulfates  in  16  days.  PfeifEer  aud  Blauck  (187)  ob- 
served' tiiat  applications  of  2G7  to  524  pounds  of  sulfur  in- 
creased the  sulfate  content  of  the  soil  in  proportion  to  the 
amount  of  sulfur  added.  Duley  (68)  found  sulfur  to  be  ox- 
idized to  sulfate  in  both  quartz  sand  and  soil.  Shedd  (207J 
added  100  pounds  to  7000  pounds  of  sulfur  per  acre  and  foimrf 
60  to  80  per  cent  oxidized  in  four  months.  Oxidation  in  sand 
was  slower  than  in  soil,  the  more  fertile  the  soil  the  moi-c 
rapid  the  oxidation.  Happen  and  Quensell  (113)  in  report- 
ing experiments  on  the  transformation  of  sulfur,  sulfides  and 
sulfates,  conclude  that  hydrogen  sulfide  produced  by  bac- 
terial action  or  decomposition  of  organic  compounds  in  the 
soil  passes  first  into  the  form  of  ferrous  sulfide  which  is  de- 
composed, the  iron  being  oxidized  and  Ihe  liberated  sulfur 
oxidized  to  sulfites  and  then  to  sulfates. 
'  Brown  and  Kellogg  (38)  find  that  soils  have  a  definite  sul- 
fofying  power  which  is  mainly  a  bacterial  action.  Some  chem- 
ical oxidation  may  take  place.  Soils  differ  widely  in  sulfofy- 
ing  power,  depending  on  the  treatment.  Organic  matter  and 
manure  increase  the  amount  of  sulfur  oxidized.  The  optimum 
moisture  content  was  50  per  cent  of  saturation.  Areation 
was  an  important  factor,  as  was  also  (he  absence  of  carbo- 
hydrates. Bacteria  are  essential.  McCall  and  Smith  (160) 
found  that  manure  increased  the  sulfofication  in  soil  and 
greensand,  large  amounts  causing  increased  sulfofication. 
Oreanic  matter  had  no  effect.  Brown  and  Gwinn  (34)  nolcd 
that  phosphorus  and  manure  increased  sulfofication  in  loam 
soil.     Sulfofication  varied  in  different  types  of  soil. 
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Brown  and  Johnaon  (35  and  36)  foiind  that  gypsum,  acid 
phosphate,  rock  phosphate,  monocalcium  phosphate,  and  rock 
phosphate  with  gypsum  stimulated  oxidation  of  snlfur  on 
black  loam  soil.  The  sulfate  and  phosphate  alone  had  greater 
effect  than  the  combination  of  the  two.  On  the  other  hand, 
gypsum  in  large  amounts  applied  to  siit  loam  in  the  green- 
house produced  a  depression  in  sulfofication.  In  the  soil 
used,  the  increases  in  sulfofication  were  not  paraUel  with  in- 
crease in  yield.  Greaves  and  Carter  (99)  state  that  it  is  well 
known  that  gypsum  increases  very  materially  the  ammonify- 
ing, nitrifying  and  sulfofying  powers  of  the  soil.  Ames  and 
Richmond  (3)  observed  that  sulfofication  was  somewhat  de- 
pressed in  an  acid  soil  by  addition  of  calcium  carbonate.  In 
an  acid  soil  the  oxidation  of  sulfur  proceeded  vigorously  ap- 
proximately 50  per  cent  being  changed  to  sulfate  form. 

Effect  on  Nitrogen:  Greaves,  Carter  and  Goldthorpe  (100) 
found  that  in  a  Utah  very  productive,  sandy  loam  soil,  sodium 
sulfate,  potassium  sulfate,  magnesium  sulfate,  and  ferric  sul- 
fate decreased  or  only  slightly  increased  the  formation  of 
nitric  nitrogen  while  calcium  sulfate  increased  the  nitric  nit- 
rogen to  a  marked  extent.  Singh  (211)  noted  that  ammonifi- 
eation  and  nitrification  were  depressed  by  application  of  gyp- 
sum (100,  500  and  1000  pounds)  to  a  silt  loam  soil. 

Solubility  of  Phoaphoinis:  Lipman  (155)  presented  data  to 
show  that  sufficient  acid  might  be  produced  by  oxidation  of 
sulfur  to  produce  soluble  phosphate.  Organic  matter  was 
favorable  to  the  process.  He  has  further  shown  (155)  that 
oxidation  of  sulfur  has  increased  the  soluble  phosphorus  from 
rock  phosphate  in  sand  and  soil.  Brown  and  Gwinn  (34) 
found  that  addition  of  sulfur  to  soil  increased  the  availability 
of  rock  phosphate.  Ames  and  Richmond  (3)  state  that  with 
the  addition  of  calcium  carbonate  to  an  acid  soil  the  oxida- 
tion of  sulfur  had  actually  no  effect  on  rock  phosphate;  and 
in  a  basic  soil  the  solvent  action  of  rock  phosphate  was  much 
less  than  in  an  acid  soil.  Ammonium  sulfate  aflfected  the  sol- 
ubility of  rock  phosphate  very  little.  Brown  and  Warner  (40) 
composted  sulfur  and  floats  with  horse  and  cow  manure  and 
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«n  enormous  increase  of  available  phosphorus  was  obtaiDed 
up  to  fifteen  -weeks  time.  McLean  (164)  finds  that  100  parts 
soil,  120  parts  of  sulfur  and  400  of  floats  is  most  economical 
for  production  of  available  phosphorus.  Fineness  increased 
the  efficiency.  Areation  is  very  important.  Two  per  cent 
sodium  nitrate  inhibited  sulfofication  almost  entirely.  In 
farm  composting,  0.4  pounds  of  aluminum  sulfate  and  ferrous 
sulfate  each  should  be  added  per  ton  of  compost  for  maxi- 
mum production  of  available  phosphorus.  Absence  of  large 
amounts  of  organic  matter  is  beneficial.  Brown  and  Gwina 
(34)  in  recent  experiments  with  black  loam  and  gray  loam 
soils  in  pots  found  that  sulfur  greatly  increased  the  avail- 
ability of  rock  phosphate,  manure  increased  it  to  a  less  extent 
and  sulfur  and  manure  gave  the  greatest  increase.  The  physi- 
cal and  chemical  composition  of  the  soil  greatly  influenced 
the  production  of  available  phosphorus  and  sulfur.  With 
manure  and  floats  the  available  phosphorus  decreased.  Lip- 
man,  Blair,  Martin  and  Beekwith  (150)  concluded  that  in- 
oculated sulfur  seemed  to  be  more  effective  than  uninoculat- 
ed  sulfur  for  rendering  inert  mineral  plant  food  accessible  to 
growing  crops.  Mixtures  of  inoculated  sulfur  and  ground 
phosphate  rock  gave  better  results  than  rock  phosphate  alone. 
Greaves  (98)  found  that  calcium  sulfate  iuiTeascd  the  or- 
ganic phosphorus  3.3  per  cent  but  decreased  the  water-solu- 
ble phosphorus  16.5  per  cent.  "It  is  therefore  quite  evident 
that  the  increased  yield  resulting  from  the  use  of  this  com- 
pound was  due  mainly  to  its  action  upon  the  available  nitro- 
gen of  the  soil,  for  it  increased  the  nitric  nitrogen  content  of 
the  soil  95  per  cent,  and  only  to  a  very  small  degree,  if  any, 
to  the  more  available  phosphorus"  (100).  Greaves  and  Carter 
(09)  in  referring  to  magnesium  sulfate,  ferrous  sulfate,  man- 
ganese sulfate,  calcium  sulfate  and  other  chemical  fertilizers 
state  that  "  "  "  *  it  is  quite  evident  from  these  results  that 
the  increased  available  nitrogen  and  phosphorus  is  sufficient 
to  account  for  the  noted  increase  in  crop  yields  resulting  from 
the  use  of  these  soil  amendments."  Ames  and  Richmond  (4) 
found  that  the  treatment  of  manure  with  acid  phosphate,  sul- 
fur  and   calcium   sulfate   decreased   the   water-soluble   phos- 
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phorus  but  the  citrate  soluble  and  0.2  per  cent  hydrochloride 
acid-soluble  were  increased.  Greaves  and  Carter  (99)  and 
Laws  and  Gilbert  (137)  show  an  increased  amount  of  phos- 
phorus, l.o5  pounds  more  being  taken  from  a  sodium  sulfate 
treated  plot  as  a  twenty  year  average.  Greaves  and  Carter  (99) 
and  Jamison  (129)  used  ammonium  sulfate  and  increased  the 
solubility  of  phosphates  and  increased  the  yield  thereby. 
Kroeker  and  Grahl  (136)  used  ammonium  sulfate  to  increase 
the  solubility  of  insoluble  phosphates. 

Brown  and  "Warner  (40)  composted  rock  phosphates  with 
manure  and  sulfur  with  remarkable  increase  of  available  phos- 
phorus as  measured  by  extraction  with  ammonium  citrate. 
Tottingham  and  Hart  (230)  composted  a  Miami  silt  loam  and 
a  garden  soil  with  rock  phosphate  and  sulfur  and  found  that 
the  water-soluble  phosphorus  was  slightly  increased  in  garden 
soil.  Water-soluble  phosphorus  decreased  with  manure  and 
with  phosphate  compost. 

AvailabiU^  of  Potassium:  The  effect  of  sulfur  and  sulfur 
compounds  on  the  availability  of  potassium  has  received  itiuch 
attention.  Tressler  (232)  listed  the  following  authors  who 
were  of  the  opinion  that  gypsum  replaced  potassium:  Sny- 
der, HUgard,  Aikman,  IIoi)kiQs,  Keith  and  King,  Ingle,  Yoor- 
hees,  and  Van  Slyke.  The  following  did  not  find  that  cal- 
cium sulfate  had  the  power  to  set  potassium  free:  Hartcr, 
Curry  and  Smilh,  and  Murry.  Beyer  (42)  did  not  find  cal- 
cium sulfate  to  have  any  marked  effect  on  the  solubility  of 
potassium.  Tressler  found  that  calcium  sulfate  increased 
the  solubility  of  potassium  in  a  Demkirk  silt  loam.  In  two 
other  soils  the  calcium  sulfate  had  no  effects.  Tressler,  re- 
ferrkig  to  Way's  work  (245),  states  that  when  the  analysis 
of  water  from  lysimeter  tanks  containing  clay  does  not  show 
an  increased  amount  of  potassium  in  solution  due  to  the  ad- 
dition of  gypsum  to  the  soil,  it  does  not  necessarily  prove 
that  there  ia  no  liberation  of  potassium  by  the  gypsum  be- 
cause soil  absorbs  potassium.  Tressler  further  states  that 
when  large  amounts  of  gypsum  are  applied  to  soils  the  dele- 
terious physical  effect  of  the  addition  seems  to  overcome  the 
benefit  derived  from  its  use. 
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Bradley  (26)  found  that  gypsum  added  both  to  soils  from 
western  Oregon  and  to  mineral  pegmatite  markedly  im-reased 
the  content  of  water-soluble  potassium.  Dumont  ((j9)  found 
that  when  granitic  soils  were  mixed  with  one-third  their 
weight  of  gypsum,  moistened  and  allowed  lo  stand,  they  gave 
mereased  amounts  of  water-soluble  potassium.  Morse  and 
Curry  (173)  noted  that  gypsum  increased  the  waler-aoluble 
potassium  of  feldspar.  Andre  (6)  observed  a  greatly  in- 
creased solubility  of  the  potash  of  microtliae  when  this  was 
treated  with  gypsum.  Singh  (211)  found  that  the  use  of 
1000  pounds  of  gypsum  caused  a  slight  increase  of  soluble 
potassium  in  fallow  soil.  One  hundred  to  five  himdred  pounds 
of  gypsum  showed  no  effect.  When  legume  crops  were  grown, 
Ihe  production  of  soluble  potassium  was  greatly  increased  by 
the  use  of  gypsum,  the  greater  increase  occurring  with  the 
larger   application! 

l-Yaps  (85)  says:  "Additions  to  sulfate  of  lime  have  no 
such  effect  upon  rendering  potash  available  as  has  been 
claimed."  Briggs  and  Breazeale  (28)  found  that  gypsum 
solutions  depressed  the  solubility  of  the  potassium  of  ortho- 
I'lase.  In  a  cultivated  soil  they  f(^md  that  the  addition  of 
gypsum  actually  decreased  the  solubility  of  potash.  McMil- 
ler  (]ti5)  using  various  Minnesota  clay  and  silt  loams  found 
that  when  these  were  mixed  with  one  per  cent  gypsum,  raised 
to  a  point  of  approximating  the  moisture  equivalent,  and  kept 
in  this  condition  for  three  months,  they  showed  marked  in- 
crease in  the  content  of  water-soluble  potassium.  McCall  and 
Smith  (160)  noted  that  in  composts  of  greensand,  sulfur, 
manure,  and  soil,  an  appreciable  amount  of  potassium  was 
made  soluble  through  sulfofication.  The  amount  of  potassium 
made  soluble  varied  from  9.1  to  41.3  per  cent  of  the  total 
initial  amount  present.  Ames  and  Boltz  (1)  found  that  *'  • 
oxidation  of  sulfur  in  soil  mixture  increased  the  water-solu- 
ble potassium.  McCool  and  Miller  (162)  found  that  a  sat- 
urated solution  of  calcium  sulfate  increased  the  solubility  of 
the  soil,  (six  tj-pes  were  used)  as  determined  by  the  freeziugr 
point  method. 
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Bacterial  Activity:  The  activity  of  bacteria  in  the  soil 
seems  to  play  an  important  role  in  soil  fertility.  Its  relation 
to  sulfur  fertilization  has  been  studied  by  a  number  of  inves- 
tigators. The  results  showed  a  favorable  influence  on  the 
development  of  bacteria  in  the  soil.  BouUanger  and  Dug- 
ardin  (24)  stated  that  small  amounts  of  sulfur  materially  in- 
crease the  activity  of  ammonifying  baQteria.  Bosinelli  (21) 
believes  that  sulfur  exerts  a  stimulating  action  on  the  bac- 
teria which  break  down  the  nitrogenous  matter  of  the  soil 
to  ammonia.  Fred  and  Hart  (87)  showed  small  increases  in 
bacteria  and  slight  increase  in  ammonifieation  and  carbon 
dioxide  evolution  by  adding  sulfates  to  soil.  Pitz  (189)  re- 
ported an  increase  of  legume  bacteria  from  the  use  of  gypsum. 
Lipman  (146)  showed  calcium  carbonate  stimulated  nitrifica- 
tion more  than  gypsum.  Peek  (182)  found  that  calcium  sul- 
fate stimulated  ammonifieation  and  potassium  sulfate  accel- 
erated nitrification.  Paterson  (180)  noted  that  gjTJSum  pro- 
moted nitrification.  Severin  (204)  concluded  that  gypsum 
not  only  prevents  loss  of  ammonia  from  manure  but  it  in- 
creases the  speed  of  decomposition  from  10  to  20  per  cent. 
Paterson  and  Scott  (180)  stated  that  gj'psum  slightly  in- 
creases nitrification.  Prichard  (191)  showed  that  calcium 
sulfate  promotes  nitrification.  ,  Dezani  (65)  observed  that 
gypsum  from  0.5  to  2  per  cent  had  no  appreciable  effect  on 
nitrification.  Greaves  and  Carter  (100)  showed  that  calcium 
sulfate,  magnesium  sulfate  and  iron  sulfate  stimulate  am- 
monifieation. They  stated  "  ■  "  •  it  is  very  significant  that 
calcium  sulfate  and  other  compounds  which  we  have  found 
to  be  such  marked  plant  stimulants  are  also  the  most  active  bac- 
terial stimulants.  The  results  point  to  the  conclusion  that 
the  stimulation  of  the  plant  is  due  in  no  small  degree  to  the 
increased  nitrogen  and  phosphorus  due  to  the  increased  bac- 
terial activity  of  the  soil," 

Vermorel  and  Danthony  (238)  found  that  iron  pyrites  in- 
creased yields  of  wheat  and  beans  30  to  60  per  cent  when 
used  with  organic  matter  but  had  no  effect  without  organic 
matter.  This  would  point  to  increased  bacterial  activity. 
Tottingham  and  Hart   (230)   observed  that  composts  of  rock 
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phosphate,  manure  and  phosphate,  and  manure  with  sulfur 
m(;reased  the  bacterial  count.  Mauure  alone  decreased  the 
bacterial  couut. 

Acidity:  Tottingham  and  Hart  (230)  noted  that  Miami 
silt  loam  and  a  garden  soil  composted  with  rock  phosphate 
and  sulfur  showed  progressive  increase  of  total  acidity  up 
to  thirty-two  weeks.  -This  acidity  was  thought  to  be  due  to 
acid  salts,  Eeimer  (194)  found  that  acidity  developed  with 
large  (600  pounds)  application  of  sulfur.  Feilitzen  (82)  ob- 
served that  sulfur  had  greatly  increased  the  acidity  of  the 
soil.  Pfeiffer  and'Blauck  (187)  stated  that  267  of  524  pounds 
sulfur  per  acre  made  the  soil  strongly  acid.  Lint  (140)  found 
that  10(1  pounds  sulfur  per  acre  with  20  per  cent  moisture 
content  increased  acidity  up  to  the  eighth  week.  A  sandy 
loam  showed  much  more  rapid  oxidation  than  a  heavy  clay 
loanL  Lower  moisture  content  showed  slower  oxidation.  Pitz 
(189)  noted  that  sulfur  increased  soil  acidity  in  proportion 
to  the  per  cent  of  sulfur  added.  Duley  (68)  found  that  lime 
requirement  of  soil  treated  with  sulfur  was  directly  correlat- 
ed with  the  amoimt  of  soluble  sulfate  formed.  Ames  and 
Boltz  (4)  observed  that  sulfur  increased  the  acidity  of  water 
extract ;  of  manure.  Shedd  (207)  found  that  acidity  from  sul- 
fur must  be  neutralized  by  calcium  carbonate. 

Gardner,  Nolls  and  Baker  (89)  found  that  ammonium  sul- 
fate eventually  caused  acidity  and  produced  crop  failure. 
Gypsum  did  not  prevent  the  soil  from  becoming  sour.  Ames 
and  Boltz  (2)  noted  a  case  in  which  sulfur  increawed  the  acid- 
ity of  unstcrilized  soil  when  calcium  carbonate  was  included 
in  the  treatment  with  rock  phosphate  and  sulfur,  Singh 
(211)  noted  that  gypHum  (100,  500,  and  lOTO  pounds)  in- 
creased the  acidity  of  Iowa  silt  loam  soil,  the  larger  amounl 
giving  the  larger  increase. 

Manure:  Amos  and  Bichmond  (4)  treated  manure  with 
sulfur,  igypsum,  and  acid  phosphate  and  found  that  these  re 
duced  the  loss  of  dry  matter  and  nitrogen.  Schneidewind 
(202).  Severin  (203),  Dietzell  (67),  and  Bohme  (19)  show 
that  when  manure  is  treated  with  gypsum  (5  to  10  per  cent) 
I  very  siuall  loss  of  nitrogen  occurs.    Hall  (105)  and  Sehneid- 
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ewind  liave  each  called  attention  to  the  harmful  effects  that 
may  be  caused  by  addition  of  gypsum  treated  manure  to  the 
soil.  Ames  and  Richmond  (4)  have  found  that  gypsum  treat- 
ment of  manure  produced  a  gain  in  yield.  Manure  treated 
with  acid  phosphate,  sulfur  and  calcium  sulfate  lost  only  one 
third  as  much  nitrogen  aa  .the  untreated  manure.  The  sulfur 
treated  maniu'e  increfised  the  acidity. 

EXPERIMENTAL 
■  The  study  of  sulfur  as  a  plant  food  naturally  separates  into 
the  following  divisions:  the  sulfur  content  of  soil,  the  sulfur 
content  of  the  crops  raised,  the  amount  of  sulfur  lost  in  drain- 
age, the  amount  carried  in  the  rain,  the  effect  of  the  applica- 
tion of  sulfur  or  sulfur  compounds  on  the  crop  yields,  the 
optimum  amount  and  best  form  of  application,  and  the  reason 
for  the  effect  of  sulfur  fertilizers  on  the  crop  yields.  In  this 
last  division  is  included  the  much  discussed  effect  of  such 
fertilizers  on  the  solubility  of  potassium  and  phosphorus  and 
other  plant  food  elements.  The  experimental  work  dealing 
with  a  number  of  these  factors  follows. 

Determination  of  Total  Solfur:  One  preliminary  step  nec- 
essary to  the  carrying  out  of  the  work  was  the  perfection  of 
a  method  for  the  determination  of  sulfur.  The  method  was 
originally  published  and  discussed  in  bulletin  145  of  this  sta- 
tion. Slight  modification  has  since  been  made,  principally 
to  increase"  the  speed  of  determination,  and  the  method  as 
finally  used  is  as  follows:  0,687  gram  of  the  plant  material 
is  weighed  into  a  Parr  bomb  torgether  with  one  gram  of  a 
fusion  mixture  consisting  of  five  parts  of  boric  acid,  four 
parts  of  sodium  nitrate,  and  one  part  of  magnesium,  all  fine- 
ly ground  and  well  mixed.  To  this  is  added  14  grams  (12  to 
16  grams)  of  sodium  peroxide  and  the  entire  charge  is  thor- 
oughly mixed.  The  top  of  the  bomb,  with  fuse  wire  adjusted, 
is  tightly  screwed  in  position,  the  bomb  is  then  placed  in  an 
electric  circuit,  110  volt,  immersed  in  water,  and  exploded. 
The  fused  mass  is  washed  from  the  bomb  into  a  400  cubic 
centimeter  beaker  with  hot  water,  acidified  with  hydrochloric 
acid  and  evaporated  to  dryness  and  then  baked  until  the 
silica   is   dehydrated.     The   silica   is   filtered   off,   thoroughly 
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washed  and  the  sulfur  precipitated  in  the  filtrate  by  adding 
cold  10  per  cent  barium  chloride  carefully  to  the  surface  of 
the  solution  and  allowing  the  precipitate  to  settle  over  night. 
The  barium  sulfate  is  collected  on  carefully  selected  papers, 
washed  and  ignited,  and  a  few  drops  of  sulfuric  acid  added 
before  final  ignition  is  made.  The  weight  of  barium  sulfate 
divided  by  0,05  gives  the  per  cent  of  sulfur. 

In  the  determination  of  sulfur  in  soil,  a  2.061  gram  sample 
is  used  and  the  weight  of  barium  sulfate  is  divided  by  0.15 
to  give  per  cent  of  sulfur. 

SITLFUR  CONTENT  OF  EASTERN  WASUINaTON, 
VIBaiK  AND  CULTIVATED  SOILS 

The  total  amount  of  sulfur  in  virgin  and  cultivated  soils  at 
Pullman,  Deep  Creek,  and  Almira  has  been  determined  by  the 
above  described  method.  The  percentages  of  sulfur  in  the 
respective  samples  of  soil  taken  at  various  depths  have  been 
recorded  in  Table  I. 


Location 

Description 

Depth 

Pullman 

-D^^$- 

Almira 

Feet 

Pet. 

Creek 
Pet. 

Pet. 

1.  Virgin 

lat 
2nd 

.036 

.027 

North  Slope 

3rd 

.024 

2.  Cultivated 

let 
2nd 

.025 
,020 

3rd 

.017 

1.  Virgin 

—ut~ 

~T818 

.036 

2nd 

.021 

.025 

South  Slope 

3rd 

.014 

.025 

2.  Cultivated 

1st 

.021 

,021 

2nd 

.018 

.030 

3rd 

.018 

.018 

1.  Virgin 

Ist 

.016 

.028 

.034 

2nd 

.014 

.024 

.029 

Htll   Top 

3rd 

.004 

.020 

.021 

2.  Cultivated 

1st 

.012 

.025 

.631 

2Ed 

.012 

.014 

.027 

3rd 

.011 

.023 

.023 

~"~i.  VlrgTiT""" 

"Xst"'- 

'":o"29 

"7033^ 

"036 

2nd 

.025 

.036 

.023 

Bottom  Iiand 

3rd 

,036 

.017 

.013 

2.  Cultivated 

1st 

.049 

.038 

.02S 
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CalculatiD;;  Ihe  amouut  ol'  sulfur  iq  the  surface  six  and 
two-thirds  inches  from  the  percentage  in  the  surface  foot  it 
is  found  that  the  extremes  are  246  to  972  pounds  of  sulfur 
per  acre  of  cultivated  soils.  These  extremes  are  found  in  the 
Pullman  soil,  the  lower  amount  being  in  a  hill  top  soil  while 
the  larger  amount  is  in  bottom  land  soil.  The  average  amount 
for  cultivated  soils  is  S-'iC  pounds  of  sulfur  per  acre.  The  ex- 
tremes in  virgin  surface  soil  are  328  and  712  pounds  of  sul- 
fur per  acre,  the  lower  amount  is  found  in  the  Pullman  hill 
top  soil  while  the  larger  quantity  is  found  in  the  Almira  bot- 
tom land  and  Deep  Creek  north  slope  soil.  It  will  be  noted 
that  the  Pullman  hill  top  soil  contains  the  least  amount  of 
sulfur.  The  average  amount  found  in  these  virgin  soils  is 
588  pounds  of  sulfur  per  acre. 

The  largest  amount  of  sulfur  in  the  surface  three  feet  of 
soil  is  in  the  Pullman  bottom  land  where  ^^208  pounds  per 
i.er,:  is  found,  while  the  smallest  amount  is  found  in  the  Pull- 
man hill  top  soil  which  contains  1253  pounds. 

Samples  of  virgin  Palouse  soils  identified  as  being  typical  of 
the  most  recent  formation  have  been  anal^'zed  for  their  sul- 
fur content.     The  results  are  recorded  in  Table  11. 

TABLE   II. — PERCENTAGE   OF   HULFlTIt  IN    VIRGIN   SOILS   OF 
RRCKNT  FORMATION 

North  Slope      South  Slope  Hill  Top 

Per  Cent  Per  Cent  Per  Cent 

Kamiak  Butte    '.      ^011  ToTSfi 

Pullman    02S4  .0192 

Colfax     0224  .0232 

Cedar    Mountain    .0372  .0168* 

*Second  toot,  all  others  ai'eor'Clrst  loot.  -    -       —    -        -    — 

BAINTALL 

The  amount  of  sulfur  brought  down  in  the  snow  and  rain 
has  just  recently  reeived  attention  at  this  station.  The  re- 
sults are  for  the  four  months,  November  19'20  to  February 
1921,  inelu.sive.  The  rainwater  was  collected  on  the  College 
Campus  and,  under  the  circumstances.it  would  be  regarded  as 
showing  a  higher  sulfur  content  than  would  actually  be  found 
in   the  rains  of  the  outlying  districts.     In   Ihe   four  winter 
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,  there  was  a  total  of  2.58  pounds  precipitated.  As- 
suming that  the  average  eoncentratiou  of  sulfur  in  the  rain- 
fall would  be  the  same  in  the  summer  months,  as  it  was  found 
to  be  during  these  four  months  and  calculating  on  the  basis 
of  the  average  rainfall  of  22  inches,  we  would  obtain  a  total 
of  5.57  pounds  of  sulfur  per  acre  annually  brought  to  the 
land  in  this  manner. 

OBEENHOnSE  EXPERIMENTS 

Plan:  Both  Wausau,  Wisconsin,  and  Ottawa,  Illinois, 
quartz  were  digested  with  nitric  and  hydrochloric  acids,  thor- 
oughly washed  and  dried  preparatory  for  use  in  the  green- 
house experiments.  In  the  earlier  investigational  work,  re- 
agents supposed  to  be  pure  chemically  were  used  but  some 
of  them  had  to  be  discarded  in  subsequent  studies  because 
they  contained  sulfates  in  appreciable  quantities.  In  a  num- 
ber of  instances  pure  chemicals  were  prepared  in  the  lab- 
oratory in  order  to  avoid  the  inclusion  of  sulfur  where  it  was 
not  desired.  The  various  chemicals  finally  U'sed  for  the 
preparation  of  the  culture  solutions  were  free  from  impurities. 

Several  culture  solutions,  with  necessary  modifications,  were 
tried  among  which  Loew's  and  New  Jersey  (Bulletin  No. 
282}  gave  the  b<*t  results.     The  formula  was  as  follows: 


Ammonluni  hydroKea  phosphate 

(NH),  HPO. 

3.41  grams 

Potaesium    nitrate 

KNO, 

Calcium  carbonate 

CaCO, 

11.00  grams 

Magneeium  carbonate 

MgCO. 

.35  grama 

Ferric  hydroxide 

Fe(CH), 

.19  grams 

Sodium  chloride 

NaCl 

,30  grams 

The  stone  jars  were  vitrified  ware  and  measured  20.5 
ceutiemters  in  diameter  and  23  centimenters  in  depth.  Small 
flower  pots  were  inverted  and  placed  in  the  bottom  of  jars. 
Glass  tubes  were  inserted  in  the  apertures  of  the  flower  pots 
to  serve  as  means  of  conducting  distilled  water  to  the  bottom 
of  the  .jars. 

Twenty-five  and  one-half  pounds  of  prepared  quartz  were 
added  to  each  jar  in  the  first  half  of  the  series  of  jars  and 
eighteen  and  one-quarter  pounds  of  Palouse  soil  were  added 
to  each  jar  in  the  other  half  of  the  series.     During  the  grow- 
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iiig  period  a  10  to  12  per  eeut  moisture  was  niaintaiaed  in  the 
quartz  series  and  20  per  cent  moisture  was  regarded  about 
right  for  tlie  soil  tjeries. 

The  quartz  series  was  divided  into  two  lots,  one  of  whieh 
(numbers  1  to  10)  received  the  plant  food  without  sulfur, 
while  the  other  lot  (numbers  11  to  20)  received  0.60  gram 
of  calcium  sulfate.  In  an  earlier  series  as  much  as  1.8  gram 
of  sulfur  was  used  in  the  sulfur  conlaining  culture  medium. 

In  the  1915  and  191(i  experiments,  the  soil  Ecries  were  treat- 
ed with  2  grams  of  potassium  nitrate  and  3  grams  of  am- 
monium add  phosphate.  In  one-half  of  the  series  (numbers 
31  to  40),  .S  grams  of  elemental  sulfur  were  added.  All  the 
soils  were  devoid  of  nodule  forming  bacteria. 

Spring  varieties  of  wheat  (Bluestem  No.  392),  oats  (Swea- 
ish  Seleet),  barley  (Eureka),  peas  (Bangalia),  and  Vetch 
(Hairy)  were  planted  in  duplicates  in  both  the  (piartz  and  soil 
series.  An  additional  jar  (number  41)  of  soil  ('(mtained  gyp- 
sum in  place  of  the  elemental  sulfur  and  the  vetch  grown 
under  this  condition  made  a  wonderful  growth.  All  of  the 
vetch  plants  were  eventually  destroyed  by  the  red  spider. 
Soybeans  (llacDonald  College-  Xo.  92)  were  substituted  for 
the  vetch  in  the  years  1915  and  1916.  Alfalfa  (Turkestan) 
replaced  the  soybeans  in  the  year  1917.  During  the  growing 
period  considerable  trouble  was  experienced  in  the  control 
of  aphids  as  no  burning  of  sulfur  or  tobacco  was  permitted. 
The  aphids.  however,  were  kept  in  check  by  gently  brushing 
the  different  parts  of  the  plants.  Mildew  also  appeared  en 
the  wheat  and  a  sulfur-free  solution  of  ammonium  eupric 
carbonate  was  used  for  its  control. 

For  the  1914  and  1915  experiments,  Ottawa,  Illinois,  quartz 
was  used  whieh  undoubtedly  contained  some  toxic  substance 
which  was  not  met  with  when  using  the  "Wausau,  Wisconsin, 
quartz  in  previous  and  subsequent  experiments. 

Yields:  The  results  from  the  quartz  series  of  experiments 
were  rather  irregular  and  unsatisfactory,  especially  in  1914 
and  1915,  due  to  causes  previously  noted.     However,  in  191 S 
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and  1917  the  quartz  containiiig  gypsum  in  the  plant  culture 
showed  striking  increases  in  yield  of  total  dry  matter,  when 
compared  with  yields  obtained  in  the  absence  of  gypsum. 
(See  Figures  1  to  5). 


Fig.  1.  Wheat.  A  very  amall  quantity  of  sulfur  remained 
even  after  thorough  digestion  of  the  quartz.  This  quantity  and 
that  contained  in  the  wheat  were  the  source  of  sulfur  ot  plants 
grown  in  Pots  Numbers  1  and  2.  Pots  11  and  13  each  re- 
ceived an  application  of  0.60  grams  ot  gypsum. 
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Fig.  2.  Oata.  Application  ot  0.6  grams  of  gypsum  to  each  ol 
Pots  Numbere  13  and  14,  No  application  ot  sultur  to  Pots 
Numbers  3  and  4, 
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Fig.  3.  Barley.  Application  of  O.S  grams  of  gjpsum  to  each 
ol  Pots  Numbers  15  and  16.  Xo  application  of  sulfar  to  Pots 
G  and   6. 


FiK.  4.  Field  Peas.  AppliCJili 
each  of  Pota  Numtiers  17  and  I 
Pots  Numlieis  7  and   S. 
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Pig.  5.  Soy  BeaDS.  Application  of  0.6  grams  of  eypsum  to 
each  of  Pots  Numbers  19  and  20.  No  application  ot  sulfur  to 
Pots  Numbers  9  and  10. 


The  yields  of  total  dry  matter  from  soils  with  and  without 
sulfur  applications  were  much  larger  in  1914  and  1916  than 
in  the  other  two  years.  The  yields  for  1916  and  1917  on  both 
sulfured  and  unsulfured  soils  were  larger  than  the  correspond- 
ingly treated  quartz  series  with  the  exception  of  soybeans 
and  one  pot  each  of  oats,  barley*  and  peas.  The  yield  from 
the  unsulfured  soil  was  much  larger  than  from  the  unsulfured 
quartz.  Wheat  grown  on  sulfur  treated  soil  gave  a  larger 
yield  in  all  cases  than  that  from  unsulfured  soil.  Oats  gave 
increased  yields  with  sulfur  treatment  in  all  but  the  fir.st 
year  trial.  Sulfur  treatment  increased  the  yield  of  barley 
each  year  while  with  peas  it  increased  the  yield  in  three  out 
of  four  years.  Soybeans  yielded  about  the  same  with  and 
without  treatment  but  alfalfa  yielded  more  on  the  untreated 
soil. 
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TABLE    ni.- 


r   ORAIN    AND   VOTAIi    DRY   HATTER   KB- 
)    FROM   QUARTZ    AND    SOFL 

Wheat        Oats        Barley        Peas     Soybeans 
Qrums  X  Gramas  Grams  x  Grams  x  Grams  x 


Untreated: 

1918 
1917 

1.  Dry  Matter,  Quarti 

9.48           4.68           G.OO 
5.38           9.10           8.45 

4.43 

10.05 

7.06 
4.13- 

Treated: 

1916 

1917 

2-6.61 
9.68 

31,9 

23.70 

26.10 
18.03 

22.47 
26.63 

18.55 

24.28* 

Untreated: 

1914 

1916 

a.  Dry  Matter,  Soil 

55.01        70.64        B8.18 
17.90         15.80         17.83 
39.7           39.63         35.18 
11.58        14.95         17,40 

34.68 

9.7 
31.5t 
44.25f 

20.69 
11.28    . 
41.23* 

Treated : 

1914 
1915 

1917 

59.12 
22.60 
45,69 
13,45 

65.54 
20.03 

43.82 
22.28 

61.37 

32.73 
38.38 

17.58 

44.26 
11.70 
34.05 
21.35 

20.28 
11.16 
35.88* 

Untreated: 

1916 
1917 

S.  Grain.  Quartz 

2.58           1.60 
l.SOt         1.^-3 

1.50 

6.98 

2.00 

Treated: 

1916 

5.10 
J.43 

12.25 
4.65t 

5.64 
5.40f 

12.52 
13.78 

3.08 

Untreated: 

1914 

1916 

1917 

4.  Grain,  SoU 

18.61           9.19 
6.95           3.08 

14,90         13,08 
2,03           3,9 

17.13 
2.03 
7.04 

18.23 
3.90 
16. 7t 
24. 6t 

3.25 
1.43 

Treated: 

1914 

1916 
1917 

21,27 
8.90 

15.29 
2,80 

8.90 
7.65 
16-26 
7.25 

17.72 
4.99 
12.10 

18.76 

5.05 
16.1 
10,68 

2.91 

1.75t 

X  Averages  of  two  pots.        * 
•  .Alfalfa. 
t  One  pot. 

Comparinig  the  yields  of  grain  from  the  sulfur  treated  and 
untreated  soil,  it  is  found  that  an  increase  was  obtained  in 
all  eases  except  for  oats  in  1914.  Barley  derived  the  least 
benefit  from  the  sulfur  treatment. 

Sulfur  Eemoved:  Comparing  the  total  amount  of  aulfur 
removed  by  the  crops,  it  is  found  that  more  was  removed 
from  the  treated  than  from  the  untreated  quartz.  There  was 
more  removed  from  the  soil  than  from  the  quartz  except  in 
the  case  of  soybeans  grown  in  the  presence  of  sulfur.  The 
total  amount  of  sulfur  removed  from  sulfured  soil  by  wheat, 
oats,  peas  and  alfalfa  was  greater  than  from  unaulfured  soil. 
The  same  was  true  of  barley  except   in   J915,  and  soybeans 
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removed  less  from  sulfured  soil  in  1915  and  1916.  The  in- 
creaeed  intake  of  sulfur  by  alfalfa  from  sulfured  soils  was 
quite  large. 

TAJtLK  IV. 
Total  Grams  of  Snlflir  Removed  by  Cropa  Grown  on  QoiLrte  and  Soil 


Wheat 

(>atB    [Barley 

Peaa     Soybeani 

Untreated  Qaartz 

1916 
1917 

.0166 
.0060 

.0056 
.0038 

.0030 

.0073 

.0028 
.0086 

.0086 
.0063* 

Treated  Quartz. 

19)6 
1917 

.0408 
.0105 

.0518 
.0332 

.0475 
.0154 

.0422 

.0344 

.0485 
.0480* 

Untreated  Soil .  . 

1914 

1915 
1916 

1917 

.0939 

,0577 
.0709 
.0585 

.1453 
.0560 

.0827 
.0597 

.1295 
.0732 
.0691 
.0706 

.1124 

.0293 
.0665t 
.0931t 

.0708 

.0300 
.0998* 

Treated   SoU .  .  . 

1914 
1915 
1916 
1917 

.1143 

.0710 
.1137 
.09S2 

.2047 
.0815 
.1909 
.0825 

.1303 

.0642 
.1122 

.0950 

.1207 
.0254 
.1330 
.1328 

.0470 
.0298 
.179]« 

•Alfalfa, 
tone  Pot. 

TABLE   V. 

Percentage    Snlflir   Fonnd    in    Vaiions    Parts   of    Planto   Grown    in 

Sou  Pot« 


1       1914 

1915 

1916 

1917 

Average 

Average 
Treated 
Untreated 

Average 
Treated 

Untreated 

.Average 
Treated 
Untreated 

Average 
Treated 

Untreated 

|H 

wneac 

Straw      1.15   .17    .161.21    .16    .191.16   .20  .181.20   .09    .15i.l8    . 

Grain       [.19    .23   .21|.48   .47    .48|.47    .29  .25|.59    .88    .74;. 39 

Oats 

Straw       |,22   .23   .231.25   .25   .251.08   .22  .151.24 

Grain        |.19   .32   .34|.43   .27    .5a|.27   .58  .43|.45 

Straw       1.20   .20   .201.25   .20   .231-09   .22  .151  i. 

Grain        |.2B    .24    .25J.45    .29    .37J.20   .37  .29|.40   .64    .53|. 
Peas 


.49  .41 
.21  .19 


1.20    .20   .20|.18   .15   .18 


..,„   ..,.|..^   ....    141.17   .08    .111.17   . 

.39    .411.27    .69    .55|.32   .62   .47|.33   , 

Soybeans 


1.36   .37   ".37'|.15"."36   ,22 
[.35    ,21    .2S|,31   .31 
Alfnlfa 
J I 
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Composition:  AVhcc  the  sulfur  contect  of  the  various 
crops  is  considered,  it  is  found  that  wheat  straw  was  nearly 
constant  in  compositioii  for  the  four  years.  The  wheat  grain 
varied  io  sulfur  content,  being  less  in  1914  and  1916  when 
larger  yields  were  obtained.  The  amount  of  sulfur  in  straw 
and  grain  obtained  from  sulfur  treated  soil  was  slightly  high- 
er than  the  amount  found  in  the  straw  and  grain  grown  on 
the  unsulfured  soil.  Oats  and  barley  show  about  the  same 
relations  in  composition  except  that  the  grain  of  these  two 
crops  shows  a  smaller  variation  than  the  wheat  grain. 

Cak-ulatinig  from  the  four  year  average  percentages  for 
the  different  crops  and  using  Warington's  figures  for  aver- 
age crop  yields,  it  is  found  that  wheat,  oats,  barley,  peas  and 
soybeans  each  rembve  twelve  to  thirteen  pounds  of  sulfur, 
per  acre,  annually,  while  a  four  ton  yield  of  alfalfa  removes 
about  26  pounds  of  sulfur  from  the  soil. 

Plusphonu  and  Nitrogen  Content:  Determinations  of  the 
phosphorus  and  nitrogen  content  of  the  1914  greenhouse 
crops  were  made.  The  results  of  these  determinations  show 
that  the  wheat  utilizes  approximately  2.65  pounds  of  phos- 
phorus to  every  pound  of  sulfur.  Oat  plant  requires  about 
about  3.66  pounds  of  phosphorus  to  every  pound  of  sulfur, 
barley  1.55,  and  peas  1.09  pounds  of  phosphorus  to  every 
pound  of  sulfur.  On  the  other  hand  field  grown  alfalfa 
utilizes  more  sulfur  than  phosphorus.  About  one  pound  of 
sulfur  for  every  three-quarters  pound  of  phosphorus  is  re- 
quired. 

Based  upon  total  amount  of  the  elements  removed  by  grain 
and  straw,  every  pound  of  sulfur  utilized  by  the  wheat  plant 
requires  6.2  pounds  of  nitrogen,  oats  3.5  pounds,  barley  4.25 
pounds,  field  peas  5.8  pounds  and  alfalfa  4.'6  pounds.  Oats 
require  more  sulfur  than  any  of  the  other  crops  for  every 
pound  of  nitrogen  utilized.  Wheat  and  peas  required  pro- 
portionately less  sulfur  in  comparison  with  the  nitrogen  de- 
mand of  the  other  mentioned  crops. 

FIELD  EXPERIMENTS 

College  Farm  Results:  In  the  year  1912  a  tract,  eight  rods 
wide  and  twenty  rods  long,  was  measured  off  in   a  field  of 
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alfalfa  on  the  Cotleige  Farm  and  was  divided  into  ten  plots, 
each  two  rods  wide  and  eight  rods  long.  Each  alternate  plot 
,  was  used  as  a  cheek  plot.  This  tract  of  land  had  a  good 
stand  of  crop  on  it.  The  tract  had  a  south  and  west  exposure. 
The  crops  of  preceding  years,  and  from  the  check  plots, 
showed  a  regular  increase  in  productivity  across  the  entire 
tract  from  west  to  east.  It  would  have  been  preferable  to 
have  obtained  a  field  showing  a  more  uniform  productivity, 
but  no  such  tract  of  sufficient  size  could  be  found  in  any  ot 
the  alfalfa  fields  on  the  College  Farm.  The  regular  change 
in  productivity,  however,  wade  it  possible  to  ascertain  the 
normal  yield  of  any  plot  by  comparing  it  with  those  on  each 
side  of  it. 

Preceding  the  early  spring  rains  and  when  the  alfalfa  was 
about  four  inches  tall,  the  entire  tract  was  thoroughly  disced 
lengthwise  followed  by  application  of  the  various  fertilizers 
to  the  different  plots.  Immediately  after  sowing  the  fertiliz- 
ers broadcast  the  treated  plots  were  harrowed.  The  quan- 
tity and  kind  of  fertilizers  applied  were  95  pounds  ground 
li,me  stone,  20  pounds  gj'psum  and  20  pounds  acid  phosphate, 
with  50  pounds  floats  and  5  pounds  sodium  nitrate. 

In  less  than  a  month's  time,  a  marked  difference  in  the 
appearance  of  the  alfalfa  on  two  of  the  treated  plots  was  ob- 
served, and  this  became  pronounced  as  the  season  progressed. 
Plots  i  and  6  which  bad  been  treated  with  gypsum  and  acid 
phosphate  respectively,  showed  a  much  darker  green  color 
and  more  luxuriant  growth  of  alfalfa  than  was  observed  on 
any  of  the  other  plots.  This  marked  difference  in  color  was 
noticeable  at  a  distance  of  more  than  a  mile.  The  blooming 
period  of  the  alfalfa  grown  on  the  gypsum  and  superpho.s- 
phate  treated  plots  was  considerably  delayed  by  the  more 
vigorous  growth  induced  by  these  two  fertilizers. 

All  the  alfalfa  was  cut  on  June  the  24th.  Samples  of  six 
plants  each  from  nine  different  points  on  each  plot  were  taken 
during  the  mowing,  and  immediately  carried  to  the  lab- 
oratory for  analysis.  The  entire  bulk  of  freshly  cut  alfalfa 
was  raked  up,  loaded  onto  wagons  and  weighed.  The  total 
dry  mnlter  (grown  on  each  plot  was  calculated  from  the  per- 


centage  of  dry  matter  found  in  the  samples  taken  to  the 
laboratory. 

On  August  the  7th  ,the  second  growth  of  alfalfa  was  cut. 
and  estimation  of  the  dry  matter  was  made  in  the  manner 
previously  described.  It  would  have  been  possible  to  have 
obtained  a  third  cutting  on  the  gypsum  and  acid  phosphate 
treated  plots  but  owing  to  the  fact  that  some  of  the  other 
plots  did  not  produce  growth  enough  so  that  they  could  be 
cut  with  a  mower,  it  was  desired  to  let  this  extra  growth  be 
returned  to  the  soil  as  fertilizer  for  succeeding  crops. 

The  yield  of  dry  matter  and  the  equivalent  yields  of  hay, 
per  acre,  assuming  that  well-cured  hay  carries  ten  per  cent 
of  moisture,  which  ia  about  the  average  for  all  samples  of 
good  alfalfa  hay  analyzed  at  this  station,  is  shown  in  Table 
VI. 


Plot  treal-                       1 

,Bt  cutting 

2nd  cutting 

Total 

Calculated  aa 

meBl  No. 

pounds 

poundB 

pounds 

hay-tons 
per  acre 

1.  Check 

2711 

1131 

3S62 

2.1      . 

2.   Lime   Rock 

?Ai6 

1393 

48.'i9 

2.G 

3.  Check 

1130 

4003 

2.2 

4.  Gypsum 

hie 

2736 

4.6 

S.  Check 

37S3 

iiai 

4977 

2.7 

6.  Acid  Phoaphate 

5397 

2243 

7039 

4.2 

7.  Check 

3888 

1154 

B042 

2.8 

8.  Floata 

3364 

4516 

2.5 

9.  Check 

1142 

1343 

3.2 

10.  Nitrate  of  Soda 

5337 

1518 

6855 

3,7 

AVith  the  exMption  of  floats,  all  the  plots  which  rceeived 
treatment  gave  increases  in  yield  above  the  average  of  the 
two  adjoiniuig  cheek  plots.  The  largest  yields  were  obtained 
on  the  gypsum  and  acid  phosphate  treated  land. 

It  was  decided  that  the  total  effect  of  the  one  application 
of  fertilizer  should  be  determined,  before  further  additions 
be  made.  The  following  year  a  fortieth  acre  strip  of  alfalfa 
(Plot  0)  lying  to  the  west  of  the  first  chet'k  plot  was  treated 
with  one  pound  of  sulfuric  acid  diluted  with  180  pounds  of 
water.  Two  other  strips  of  alfalfa  were  treated  with  hydro- 
chloric and  nitric  acid  respectively  in  amounts  chemically 
equivalent  to  the  sulfuric  acid  supplied. 

3U 
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The  application  of  the  sulfuric  acid  killed  the  first  tender 
leaves.  However,  new  growth  immediately  took  place  which 
appeared  more  vigorous  and  thrifty.  The  new  shoots  and 
leaves  showed  the  same  marked  difference  in  color  that  was 
observed  in  ease  of  the  plants  grown  on  the  gypsum  and  acid 
phosphate  treated  plots  the  preceding  year.  The  dark  green 
eoIoT  was  diseernable  at  a  distance  of  one-half  mile  or  more. 
On  the  other  hand,  the  difference  in  the  color  of  the  alfalfa 
grown  on  the  gypsum  and  acid  phosphate  treated  plots  was 
not  as  pronounced  as  was  observed  the  preceding  year. 

The  yield  of  dry  matter  and  the  equivalent  yield  of  hay, 
per  acre,  computed  on  the  basis  of  ten  per  cent  moisture  for 
an  average  good  quality  of  alfalfa  hay,  is  recorded  in 
Table  VII. 

TABLE  VII. 

Compnrative  Yield  of  Prj'  Mutter  and  Hay  Obtained  on  Check  and 

Feititl/er  Plots.     1013. 


Plot  treat- 

lBt-cutt!ng 

2nd  cutting 

Total 

Calculated  as 

ment  No. 

pounds 

pounds 

pounds 

hay-tons 

per  acre 

1).  Sulturic  ncid  pl< 

3t      4720 

"  2220 

6940 

1.   Check 

2857 

1174 

4031 

2.2 

2.  Lime   Rock 

3237 

923 

4160 

2.3 

3.  Check 

4.  Qypaum 

4;ii6 

18.^7 

6373 

3.5 

5.  Check 

970 

3722 

2.0 

S.  Acid  phosphate 

5007 

U18 

6423 

3-5 

7.  Check 

28S7 

1388 

4273 

2.4 

8.  Floats 

2646 

1186 

3834 

2.1 

9.   Clieek 

2860 

700 

3SS0 

2,0 

10.   Nitrate   of   soda 

3732 

124ii 

4977 

2.7 

Although  the  yields  are  not  quite  as  high  as  those  obtained 
in  the  first  year  of  the  fertilizer  experiments  the  imreases 
DOted  are  similar.  The  plot  treated  with  floats  gave  a  de- 
creased yield  when  compared  with  yields  obtained  on  the 
two  adjoining  check  plots.  In  this  connection  it  was  of  con- 
siderable interest  to  note  that  the  sulfuric  acid  treated  plot 
gave  a  yield  which  equaled  the  yields  obtained  on  the  gyp- 
sum and  acid  phosphate  treated  plots.  The  plots  treated  with 
hydrochloric  and  nitric  acids  did  not  show  the  marked  color 
differences  observed  in  the  plots  treated  with  sulfurii;  acid, 
gypsum    or  superphosphate.        Neither    could    any   apparent 
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change  in  yield  be  noted  from  the  use  of  the  hydrocMorie  or 
nitric  acids.  The  increases  noted  in  the  plot  treated  with 
nitrate  of  soda,  particularly  during  the  first  year,  were  prob- 
ably due  to  the  benefits  derived  from  subirrigation.  An  iu- 
speetion  of  the  southwest  comer  of  this  plot  showed  the 
water  table  to  be  very  close  to  the  surface. 

The  roots  of  plants  in  the  various  plots  were  inspected  and 
it  was  found  that  the  plants  in  all  of  the  plots  were  well  sup- 
plied with  nodules.  In  view  of  this  fact,  it  has  been  difficult 
to  reconcile  the  increases  to  slimulation  of  the  process  of 
nitrification  or  to  believe  that  nitrogen  might  be  considered 
the  limiting  factor.  The  results  obtained  on  the  nitrate  of 
soda  and  nitric  acid  plots  also  support  the  above  view. 

The  one  element  common  to  the  gypsum  and  acid  phos- 
phate fertilizers  and  sulfuric  acid  was  sulfur.  The  largest 
quantity  of  sulfur  applied  was  in  case  of  the  gypsum  fertiliz- 
er and  the  plot  treated  M'ith  gypsum  also  produced  the  larg- 
est yield  of  alfalfa.  The  form  in  which  the  sulfur  exists  in 
the  above  named  materials  has  been  recognized  as  the  most 
available  form  for  crops. 

The  next  year  (1914)  all  of  the  alfalfa  in  the  gypsum  ainf 
acid  phosphate  treated  plots,  with  the  exception  of  an  of- 
casional  plant,  had  receded  to  its  original  condition  and  ap- 
pearance and  showed  no  further  benefits  from  the  treatment 
when  compared  with  the  alfalfa  on  the  adjoining  check  plots. 
The  alfalfa  on  the  plot  treated  with  sulfuric  acid  was  of  the 
darker  green  color  and  thrifty  appearance. 

The  total  benefit  from  the  applications  of  g.vpsiim  and  acid 
phosphate  lasted  two  years  and  further  treatment  with  these 
two  forms  of  fertilizer  was  considered  Imt  the  plans  of  con- 
tinuing the  experiment  had  to  be  abandoned  because  the 
plots  were  in  a  field  where  a  rotation  system  of  farming  was 
followeii.  The  application  of  200  pounds  of  gypsam  had  in- 
creased the  yield  of  dry  matter  88  per  cent  and  200  pounds 
of  acid  phosphate  had  increased  the  yield  of  dry  matter  80 
per  cent.  The  one  year  yield  of  dry  matter  from  the  ap- 
plication of  sulfuric  acid  amounted  to  an  increase  of  78  per 
cent. 
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Farmers'  Reanlts:  The  application  of  gypsum  to  farmers' 
alfalfa  fields,  in  various  parts  of  Eastern  WashiDgton  was 
made  aud  the  same  characteristic  marked  improvement  in 
color  and  increased  yioMs  as  found  on  the  College  Farm  were 
obtained.  In  one  field  in  Western  Idaho,  where  it  had  been 
impossible  to  grow  profitable  crops  during  the  past  twenty- 
eight  years,  large  yields  of  clover  are  now  being  obtained 
as  a  direct  result  of  the  use  of  the  gypsum  in  these  fields. 
The  farmers  in  this  section  seem  to  be  satisfied  that  gypsum 
treatment  is  also  very  beneficial  to  increased  production  of 
timothy  hay. 

While  numerous  examples  could  be  given  where  applica- 
tions of  gypsum  have  produced  substantial  increases  in 
yields  of  alfalfa,  perhaps  the  results  obtained  on  Mr.  H.  H. 
Curtiss'  farm  located  near  Pullman,  "Washington,  will  suffice, 
(See  Figures  6,  7,  8,  9,  10.)  The  yield  of  dry  matter  was 
determined  and  the  amount  of  hay  was  arbitrarily  recal- 
culated to  a  ten  per  cent  moisture  basis. 


Fig.  6.  Large  bundle  of  alfalfa  and  crop  on  right  was  fiom 
part  ol  field  treated  with  gypeura  at  rate  o£  200  pounds  per 
acre.  The  increase  in  yield  was  290  per  cent.  Small  bundle 
and  crop  on  left  was  from  part  of  field  not  treated. 
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pig.  7.     The  aUalta  harvest  in  a  field  which  had  bften  treated 
with  gypsani. 


Fli;.  8.  The  comparative  height  of  alfalla  growing  on  both 
sypsutn  truated  and  untreated  land.  The  alfalfa  standing 
Knee   hijih   was  treated   with   irypsnni. 
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Fig.  9.  Taken  at  the  same  time  and  In  tbe  same  field  as  Fig. 
10.  This  part  ol  field  was  treated  with  200  pounds  ot  gypsum 
per  acre.  At  tbe  time  of  harvest  the  alfalfa  reached  the  elbow 
height.     Alfalfa   grown    In   some   fields  has  reached   shoulder 

height. 

T.tBLE  \in. 

Yield  of  l>r>-  Matl«r  and  Hay  Ohtnined  from  the  H.  H.  Curtiss  AlfaUft 

Field  TreHt«d  wKh  Oypsum. 

—       -  I         "checlTplot  I     20O'ibsl~plaslerper~ 

I       No  treatment      |  acre— one  application 

I  I  for  two  years 

"  |^9^8^|'"1929^|^1918    "  ]"    1919^^ 

Total  Green   Wt.   Sq.    Rd,  4  4.0    ll)8.|45,5    lbB.|ri5;0""lbs:!210:o  '  lbs. 

Total   Dry   \Vt.   Sq.   Rd...)l3.9     lbs.ll3.9     Iba.'    40.2S  lbs.]    53.99  lbs. 

Total  Hay  Wt.  Sq.  Rd, . .  .15.29  Ibs-1 15.33  lbs. I   44.28  lbs.    .i9.:!9  :bs. 

Total  Hay,  per  acre    |   1.23  T  I   1-23    T  |     3.54  T  ■     4.75  T 

There  are  many  alfalfa  fields  in  Eastern  Washington  where 
yields  will  not  exeeed  one  to  two  tons  of  hay  per  acre.  It 
is  quite  possible  that  the  yields  can  be  further  inrreased  with 
the  use  of  the  gypsum.  In  all  the  fields  where  the  inereases 
in  yield  have  been  noted,  nodules  have  been  found  on  the 
alfalfa  plants,  and  we  have  bi'cn  led  to  believe  that  appliea- 
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tions  of  gypsum  will  prove  beneficial  wherever  the  nodules 
are  to  be  found  on  the  roots  of  the  plants.  In  some  instances, 
elemental  sulfur  has  been  applied  to  the  alfalfa  field  instead 
of  gypsum.  Comparing  sulfur  with  gypsum,  it  is  found  that 
sulfur  does  not  show  increased  yields  as  quickly  as  gypsum, 
probably  due  to  the  time  required  for  the  oxidation  of  ele- 
mental sulfur  to  the  sulfate  form. 

Remoyal  of  Plant  FdoA:     With  increased  production  there 
is  also  an  increased  removal  of  plant  food  from  the  soil.     Id 


Fig.  10.  The  roots  of  the  alt.tlfa  growinf;  in  this  field  were 
well  supplied  with  nodules,  but  sulfur  was  evidently  the  limit- 
ing factor. 

order  to  learn  how  nnich  plant  food  was  removed  from  the 
soil,  analyst's  of  samples  collected  from  the  various  check 
and  fertilizer  plots  on  the  College  Farm  were  made  and  the 
pounds  of  potassium,  phosphorus,  calcium,  sulfur  and  nitro- 
gen contained  in  crops  grown  on  the  various  check  and  treat- 
ed   plots   wt're   computed, 
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The  total  yield  of  dry  matter  obtained  on  the  check  plot 
for  the  two  year  period  was  27.8  pounds  while  the  total  dry 
matter  obtained  on  the  plot  treated  with  gj'psum,  during  the 
same  period  was  94.24  pounds.  (See  Figure  11.)  (.'omputed 
on  the  basis  of  tons  of  alfalfa  hay  per  a*rre,  there  was  ob- 
tained an  increased  yield  of  5.84  tons  from  the  application 
of  200  pounds  of  gypsum  per  aere.  Mr.  Curtis  has  again 
applied  |,2yp-!um  to  his  alfalfa  field  and  the  increases  noted 
above  have  continued,  thus  showing  that  the  ini'reases  ob- 
tained can  be  maintained  through  further  application  of 
gypsum. 


Pig.  11.  Comparative  yields  of  altHlfa  growii  on  two  plola 
The  small  cock  on  left  is  from  untreated  plot,  while  the  larsi 
one  to  the  right  is  from  plot  treated  with  «ypsum. 
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Pounds  or  plant  food  removed 


(1 

Sulfur  1.3* 

13.2 

1. 

15.0 

12.2 

•f. 

Calcium.   38.0 

17.6 

13.9 

s. 

None 

7.T 

6.4 

4 

Calcium.    4.8~Sultur,    3.7 

30.1 

24.1 

B. 

None' 

16.5 

14.7 

« 

Calcium,  4.g-Sulfur,  1-S 

Phoephorua,  3-.1 

28.1 

£4.1 

7 

None 

17.7 

15.3 

R. 

Calcium,  17.9"Plioa.  8.7 

16.6 

14.5 

H 

None 

18.0 

16.0 

10, 

Nitrogen 
•One  year. 

23.8 

21.7 

1^.4 
12.2 

18.3 


The  amount  of  plant  food  removed  by  the  alfalfa  grown 
on  the  cheek  plots  varied  as  follows:  potassium,  12.2  to  Iti 
pounds ;  phosphorus,  2.4  to  2.6  pounds ;  calcium,  12.5  to 
13.8  pounds;  sulfur,  3.4  to  3.9  pounds.  The  amount  of  plant 
food  removed  by  the  alfalfa  grown  on  the  gypsum  treated 
plot  was  24.]  pounds  of  potassium,  5.8  pounds  of  phosphorus, 
21  pounds  of  calcium,  and  6.9  pounds  of  sulfur.  About  one 
pound  less  of  phosphorus  and  about  an  equal  quantity  of 
the  other  elements  were  removed  by  the  alfalfa  grown  on 
the  acid  phosphate  compared  with  the  gypsum  plot.  The 
increased  yield  of  alfalfa  obtained  on  the  gypsum  treated 
plot  may  be  regarded  as  a  direct  increase  due  to  the  addi- 
tion of  sulfur,  since  the  3.7  pounds  of  sulfur  added  to  the 
plot  is  about  the  additional  amount  of  sulfur  removed  when 
compared  with  the  quaulities  removed  by  the  crops  grown 
on  the  cheek  plots.  The  amount  of  sulfur  removed  by  the 
crops  gro^vn  on  the  acid  phosphate  treated  plot,  however,  is  5.4 
pounds  more  than  was  added  to  the  plot,  and  when  compared 
with  the  average  amount  of  sulfur  removed  by  the  two  adjoin- 
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ing  check  plots  it  is  found  to  exceed  the  amoimt  removed  from 
them  by  1.6  pounds.  The  addition  of  gypsum  has  conserved 
the  limited  amount  of  sulfur  in  the  soil  while  the  application 
of  acid  phosphate  has  lowered  the  sulfur  content  of  the  soil 
which  is  about  400  pounds  pec  acre. 

With  reference  to  the  removal  of  phosphorus  it  was  found 
that  the  alfalfa  grown  on  the  gypsum  treated  plot  removeil 
m  much  of  this  element  as  was  removed  on  the  acid  phos- 
phate treated  plot.  The  addition  of  phosphorus  has  aided 
in  conserving  the  phosphorus-  in  the  soil,  but  our  analyses 
of  soil  show  that  the  phosphorus  content  is  approximately 
ten  times  as  great  as  the  sulfur  content. 

The  amount  of  potassium  aud  calcium  removed  by  the  al- 
falfa was  found  to  be  considerably  more  than  the  sulfur  and 
phosphorus  removed.  However,  analyses  have  shown  that 
the  Palouse  soil  carries  approximately  20,000  pounds  of  pot- 
assium and  15,000  pounds  of  calcium  per  acre  of  surface  soil. 

In  a  system  of  f^rminig  with  legumes  included  in  the  rota- 
tion, it  has  been  evident  that  applications  of  gypsum  have 
caused  very  profitable  increases  in  alfalfa.  This  increased 
j-ield  has  been  due  to  the  supplying  of  sulfur  which  has  been 
utilized  by  the  legumes  in  comparatively  large  quantities  and 
showing,  therefore,  that  sulfur  has  been  a  limiting  factor  in 
the  production  of  alfalfa.  Cereals  require  small  quantities  of 
sulfur  compared  with  the  quantity  utilized  by  legumes,  and 
about  one-half  as  much  sulfur  as  phosphorus. 

"With  increased  yields  such  as  have  been  obtained  with  the 
use  of  gypsum  fertilizer,  alfalfa  growing  has  become  more 
encouraging  and  may  well  be  included  in  the  rotation  with 
cereals.  On  farms  where  alfalfa  has  been  grown,  it  has  been 
noted  that  better  yields  of  wheat  have  been  obtained  and  the 
wheat  has  been  found  to  be  of  better  milling  quality.  The  -soil 
has  been  rendered  better  physically  and  better  water  absorp- 
tion and  retention  have  been  procured.  The  annual  growing 
of  cereals  on  land  which  has  been  in  alfalfa,  in  place  of  the 
4,wo  crops  in  three  years  or  one  crop  every  two  years  as 
with  the  fallow  system,  has  to  be  considered  as  an  indirect 
benefit  due  to  the  growing  of  a  legume  such  as  alfalfa. 
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Quality  of  Alfalfa  and  Crops  Following:  The  darker  green 
color  noted  in  the  alfalfa  grOT^ii  on  the  gypsum  treated  plots 
ifi  also  observed  in  the  cured  hay  when  compared  with  hay 
obtained  from  adjoining  untreated  plots.  This  difference  in 
color  adds  to  its  merchantable  value,  and  generally  the  high- 
est colored  hays  are  sold  for  the  best  prices. 

The  protein  content  of  alfalfa  grown  on  gypsum  and  acid 
phosphate  treated  land  has  been  found  to  be  higher  than  that 
in  alfalfa  obtained  from  adjoining  untreated  plots.  The  pro- 
tein found  in  the  alfalfa  obtained  from  the  gypsum  treated 
plots  was  30  per  cent  and  that  from  the  acid  phosphate  treat- 
ed land  was  17  per  cent  higher  than  that  found  in  the  alfalfa 
grown  on  the  check  plots.  Similar  relations  have  been  found 
in  farmers'  lots  of  alfalfa.  Land  which  has  been  in  alfalfa 
has  been  improved  both  physically  and  chemJcally. 

Grain  grown  on  newly  turned  over  alfalfa  land  tends  to 
burn,  especially  the  winter  varieties  when  sown  heavily.  Ex- 
cellent results,  however,  have  been  obtained  with  very  light 
seeding  for  the  first  two  years  followed  fcy  heavier  seeding 
in  succeeding  years.  Alfalfa  growing  has  also  made  it  possi- 
ble to  grow  continuous  crops  of  wheat  and  lends  itself  as 
an  excellent  crop  in  a  rotation  with  wheat  or  other  cereals. 

The  higher  protein  (gluten)  content  of  wheat  grown  on 
alfalfa  land  compared  with  that  grown  on  adjacent  fields 
whore  the  summer  fallow  sy.stem  of  farming  has  been  in 
vogue,  has  added  to  its  market  value  because  such  wheat  is 
generally  sought  by  the  milling  trade. 

THE    INFLUENCE    OF    SODIUM    NITSATE,    OALOIUM 

PHOSPHATE,  GYPSUM  AND  THE  OO&RESPONDINO 

ACIDS  ON  THE  SOLUBILITY  OF  PLANT  FOOD 

IN  son.  FROM  ALFALFA  FIELD 

It  is  thought  that  perhaps  the  various  forms  of  fertilizer 
and  espci-ially  ihc  gypsum  and  acid  phosphate  applied  to  the 
alfalfa  soil  might  have  increased  the  yields  of  alfalfa  due  to 
an  augmented  solubility  of  the  plant  food  in  the  soil.  Con- 
sct|ueutty.  samples  of  soil  adjacent  to  the  field  plots  were 
brought  to  the  laboratory,  dried,  pulverized  to  pass  a  fifty 
mesh   sieve  and  thoroughly   mixed.     Aliquot  lots   of  soil  of 
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500  grams  each  were  divided  into  four  series  and  subjected 
to  action  of  various  chemicals  at  the  following  rates  per 
2,000,000  pounds  of  soil:  Sodium  nitrate,  10  pounds;  nitric 
acid,  7.41  pounds;  calcium  sulfate,  25  pounds;  sulfuric  acid, 
5.71}  pounds;  potassium  sulfate,  100  .pounds;  calcium  acid 
phosphate,  150  pounds;  phosphoric  acid,  3.84  pounds  (a). 
The  solubilities  obtained  with  double  the  above  quantities  of 
chemicals  were  also  studied   (b). 

One  hundred  and  fifty  cubic  centimenters  of  carbon  di- 
oside-free  distilled  water  were  added  to  each  bottle  of  soil 
and  the  four  series  were  allowed  to  stand  for  intervals  of 
two,  four,  six  and  eight  weeks  respectively. 

When  the  time  limit  had  been  reached  for  a  series  the 
contents  of  the  bottles  were  emptied  into  containers  and 
diluted  with  1850  cubic  centimenters  of  distilled  water  and 
thoroughly  shaken  and  filtered.  It  required  twelve  hours  to 
obtain  1500  centimenters  of  aqueous  solution. 

The  amount  of  nitric  nitrogen  contained  in  soil  subjected 
to  action  of  various  salts  duriuig  a  period  ranging  from  2  to 
8  weeks  is  given  in  Table  X. 


TABLE  X. 
Parts  Per  MUllon  of  NItHci  Xltrofccn  In  Soil  * 


VsliooH  Period*;. 


NaNO, 

T 

7.16 

4.44 

T5"e- 

4.64 

-      4 

"45" 

+  4.03 

b 

3.68 

19.89 

5.28 

66 

+8.04 

HNO, 

a 

.00 

1.40 

1.11 

.63 

78 

+   .36 

b 

.60 

.74 

.^.4  5 

53 

+2.90 

CaSO, 

9. .12 

1.38 

1,82 

85 

+3.43 

b 

.00 

12.57 

1.40 

1.41 

84 

+3.42 

H^, 

1.48 

3.84 

1.07 

1.17 

89 

+  1.47 

b 

.00 

.00 

..^9 

,33 

23 

-  .19 

K,SO. 

a 

1.4S 

1.82 

1.19 

1.42 

48 

+  1.06 

b 

,00 

.00 

.02 

.43 

12 

-   .30 

CaHPO. 

a 

.00 

7. BO 

2.11 

2.25 

06 

+2.64 

b 

.00 

.00 

1,00 

3.40 

10 

+   .68 

H.PO, 

a 

1.08 

8.20 

.0  5 

.96 

57 

b 

.00 

.00 

.41 

1.5.^ 

+ 

48 

+   .06 
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According  to  the  results  (Table  X)  the  greatest  quantity 
of  nitric  nitrogen  was  soluble  at  the  end  of  the  four  weeks 
period.  Some  of  the  samples  showed  only  a  slight  increase 
or  remained  the  same.  Each  chemical  showed  a  small  libera- 
tion of  nitrate  with  the  exception  of  the  double  amounts  of 
sulfuric  acid  and  potassium  sulfate  which  resulted  in  de- 
creases. As  would  be  expected,  the  greatest  amount  of  nitrate 
was  found  in  the  case  of  the  sodium  nitrate  treatment. 

The  quantity  of  ealdum  resulting  from  chemically  treat- 
ing the  soil  is  shown  in  Table  XI. 

TAnCE  XI. 


NaNO, 

59 

b 

60 

58 

61 

HNO. 

i> 

67 
51 

43 

CaSO, 

b 

69 
67 

43 
52 

.'il 

r.5 

H,SO. 

66 

5fi 

62 

69 

64 

64 

K,SO. 

54 

fiO 

61 

h 

52 

43 

CaHPO, 

58 

59 
58 

63 
53 

H,PO. 

54 

4N 

48 

b 

60 

55 

55 

Check 

61 

57 

50 

The  data  presented  in  Table  XI  show  that  the  sodium 
nitrate  and  nitric  acid  treatments  increased  the  water  soluble 
calcium  while  calcium  sulfate,  calcium  acid  phosphate,  sul- 
furic acid,  and  check  showed  a  decrease  with  lime.  In  the 
case  of  the  sodium  nitrate  and  nitric  acid  the  increased  solu- 
bility was  probably  due  to  the  formation  of  calcium  nitrate, 
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whk-h  is  readily  soluble  in  water.  Tlie  decrease  with  sul- 
furic aeid,  which  is  very  slight  is  probably  due  to  the  forma- 
tion of  ealfiuni  sulfate  whli-h  is  relatively  insoluble ;  ealcium 
aeid  phosphate  and  phosphoric  acid  remained  fairly  constant. 

The  aniouuj  of  phosphorus  re-)ulting  from  chemically  treat- 
ing the  soil  is  shown  in  Table  XII. 


NaN'O. 
HKO, 


3,5        —   .4 


(a) 

4.3 

3.5 

4,1 

3.7 

3,9 

0 

(b) 

3.1 

3.9 

0.6 

a. 3 

4.5 

+  -e 

H^O, 

(b) 

2.5 

5.0 

h 

3.9 

+  -s 

K,SO. 

4.0 

- 

+    .3 

(b) 

4.9 

4.5 

4.2 

CaHPO, 

3.5 

3.8 

5,8 

5.7 

X    .8 

(bj 

4.7 

4.5 

6.2 

- 

- 

5.4 

+  1,3 

3.7 

4.5 

4.0 

5.0 

4.3 

+     * 

(b) 

3.0 

0 

Check 

3.4 

3.7 

4.4 

4.2 

[-__ 

3.9 

0 

There  seems  to  bo  a  general  increase  of  soluble  phosphuru!-; 
from  all  the  treatments  with  the  exception  of  tlie  single  ap- 
plication of  nitric  aeid  and  calcium  sulfate.  However,  the 
increase  was  not  marked.  Calcium  acid  phosphate  liberated 
the  largest  amount  when  compared  with  the  check.  There 
was  a  small  amount  liberated  by  the  smaller  application  of 
phosphoric  acid  while  the  double  (luantity  showed  Ino  in- 
crease over  the  untreated  solution. 

The  amount  of  potassium  resulting  from  chemically  frcat- 
ioi?  the  aojl  is  shown  in  Table  XIIT. 
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TABLE  Xni. 
Paits  Per  Million  of  FotasRinni  in  AqueouB  ExtrAct  of  Soil  Vari- 
ously Trented. 

S  «  £     S3        '^c 


HNO.  {a)  23  20  16  17  —  IB  —5 

(b)  21  34  26  27  _|_  27  -L3 

CaSO.  <a)  17  24  35  30  .)_  26  _|.2 


+  1 


H,SO. 
K,SO. 
CaHPO. 


In  Table  Xltl  it  will  be  seen  that  sodium  nitrate,  nitric 
acid,  calcium  sulfate,  sulfuric  acid  and  calcium  acid  phos- 
phate continued  to  increase  the  water  soluble  potassium.  The 
phosphoric  acid,  potassium  sulfate  and  the  check  showed  de- 
creases. The  increases  may  be  due  to  the  formation  of  pot- 
assium nitrate  in  the  case  of  sodium  nitrate  and  the  nitric 
acid;  or  due  to  a  substitution  of  potassium  for  calcium  in 
calcium  sulfate  and  calcium  acid  phosphate. 

Collectively,  the  results  obtained  compare  favorably  with 
those  found  by  Cameron  and  Whitney  and  King  as  will  be 
seen  from  the  data  presented  iu  Table  XIV. 

TABLE  XIV. 

Plant  Food  In  Parts  iwi-  Million  of  Dir-Soll. 

N  Ca  P  ~K~ 

Whitney  and  Cameron  Oo  11.67  27*5  22T4 

King  8.32  76.68  4.94  16.77 

Authors  1.55  55.00  3.9  25.00 


"With  the  single    exception    of    potassium.    King    obtained 
higher  results   than   were   obtained   by  either   Whitney  and 
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Cameron  or  the  writers  .  The  widest  variation  observed  is 
in  the  case  of  calcium  which  ia  five  times  more  than  that 
found  by  Whitney  and  Cameron. 

The  chemicals  employed  have  got  appreciably  increased  the 
solubility  of  the  soil  plant  food.  Sodium  nitrate,  calcium  sul- 
fate, calcium  acid  phosphate  and  sulfuric  acid  very  slightly 
increased  the  solubility  of  the  plant  food  in  the  order  named. 
All  other  chemicals  produced  variable  results  when  compared 
with  those  obtained  on  cheek  samples. 

In  the  field  eiiperinients  the  best  growth  of  alfalfa  was  ob- 
tained on  the  gypsum  or  calcium  sulfate  treated  plot.  In 
the  studies  of  the  solubility  of  plant  food,  sodium  nitrate  has 
had  the  most  pronounced  effect.  Evidently,  the  increased 
yield  is  not  due  to  the  increased  solubility  of  plant  foods  pro- 
duced by  calcium  sulfate,  but  is  due  to  the  fact  that  this 
compOiMivl  supplied  needed  sulfur. 

SUMMABT 

Soils:  The  amount  of  sulfur  contained  in  the  surface 
seven  inches  of  the  soils  studied,  varies  from  246  to  972 
pounds.  The  amount  found  in  virgin  soils  varies  from  328 
to  TI2  pounds.  The  average  amount  of  sulfur  in  these  cul- 
tivated soils  is  5.56  pounds  compared  with  588  pounds  in 
virgin  soil.  There  seems  to  be  a  more  uniform  distribntioa 
of  sulfur  in  virgin  than  in  cultivated  soils.  The  least  amount 
of  sulfur  found  is  in  cultivated  hill  top  land  while  the  largest 
amount  is  in  cultivated  bottom  land.  There  is  a  tendency 
for  the  siilfur  to  concentrate  in  the  surface  of  the  bottom 
land  soils.    This  is  undoubtedly  due  to  washing  and  capillarity. 

BainfaJl:  The  data  obtained  concerning  the  sulfur  content 
of  rain  are  not  sufficient  to  be  considered  conclusive  and  it 
is  felt  that  considerably  more  attention  should  be  devoted  to 
this  question. 

QreeDhonse  Experiments:  The  yield  of  dry  matter  ob- 
tained in  the  quartz  series  of  experiments  emphasizes  the 
importance  of  sulfur  as  plant  food.  The  amount  of  sulfur 
contained  in  seed  was  inadequate  for  plant  growth  and  when 
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gypsum  was  iueludf^d  in  the  culture  medium,  greatly  in- 
creased yields  were  obtained.  The  striking  differences  shown 
in  this  series  of  experiments  are  largely  due  to  the  care  ex- 
ercised in  preparing  the  culture  medium  in  sulfur-free  form. 

The  soil  .series  of  experiments  show  the  importance  of  sul- 
fur as  a  plant  food  in  view  of  the  faet  that  the  yields  of  dry 
matter  o]>taiiied  on  the  soil  treated  with  sulfur  are  on  tha 
average  much  larger  than  were  obtained  on  the  untreated 
soils.  One  reason  why  the  unsulfured  soil  produced  good 
yielding  crops  may  be  found  ,in  the  preparation  of  the  soil. 
It  is  obvious  that  soil  which  has  been  groimd  and  sifted  has 
been  put  into  a  high  state  of  "tilth  and  the  soil  surface  thereby 
enormously  increased.  Undoubtedly,  the  available  plant  food 
is  increased.  The  sulfur  that  has  been  made  available 
through  the  various  forces  at  play  in  these  pot  culture  studies 
has  not  been  lost  but  remains  in  the  soil  for  the  crop  needs 
until  it  has  become  entirely  exhausted  by  cropping. 

Larger  wheat  and  barley  crops  were  obtained  on  the  sul- 
fur treated  soil  than  were  obtained  on  the  unsulfured  soil. 
In  three  out  of  four  years,  oats  and  peas  gave  increases  in  the 
Rulfured  soil,  while  soybeans  yielded  about  the  same  in  the 
sulfured  and  unsulfured  soils.  The  largest  yield  of  alfalfa 
was  obtained  on  the  unsulfured  soil. 

There  was  an  increase  of  grain  produced  from  the  plants 
grown  on  the  sulfured  soil  (1914  crop  of  oats  excepted). 
Barley  apparently  derived  the  least  benefit  from  the  sulfur 
treatment. 

It  was  found  that  the  crops  grown  on  the  sulfured  quartz 
removed  more  pulfur  than  those  grown  on  the  untreated 
quartz.  The  crops  grown  on  both  the  luisulfured  and  sul- 
fured soil  removed  more  sulfur  than  the  crops  grown  on  the 
sulfured  quartz.  The  largest  amount  of  sulfur  removed  was, 
Jn  general,  by  the  plants  grown  on  the  sulfured  soil. 

Alfalfa  utilized  more  sulfur  than  phosphorus,  peas  slightly 
more  phosphorus  than  sulfur.  Oats  utilized  more  than  three 
and  one-half  times  as  much  phosphorus  as  sulfur,  wheat  more 
than  two  and  one-half  times  as  much,  and  barley  more  than 
one  and  one-half  times  as  much  phosphorus  as  sulfur. 
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It  was  ob:jerved  that  a  low  nitrogen  contaiDing  crop  such  as 
oats  requires  more  sulfur  per  pound  of  nitrogen  than  is  re- 
quired for  either  barley  or  wheat.  Alfalfa  requires  more 
sulfur  per  pound  of  nitrogen  than  peas. 

Field  Experiments:  Alfalfa  plots  treated  with  gypsum, 
acid  phosphate,  or  sulfuric  acid  have  yielded  two  or  more 
times  the  quantities  obtained  on  land  not  treated  with  these 
fertilizers.  These  increases  have  been  obtained  in  inoculated 
fields  of  alfalfa.  Applications  of  Jiydrochloric  and  nitric 
acids  in  amounts  chemically  equivalent  to  the  sulfuric  acid 
used  have  not  shown  any  effects  on  growth.  Elemental  sul- 
fur applications  also  have  increased  the  yields  of  alfalfa  but 
the  plant  response  to  sulfur  needs  has  been  necessarily  slow 
because  the  sulfur  must  first  be  oxidized  to  the  available 
form. 

It  should  be  remembered  that  legumes  draw  upon  the  soil 
plant  food  the  same  as  other  crops.  Legume  inoculation 
saves  Eoil  nitrogen  but  inoculation  docs  not  necessarily  en- 
hance production,  because  increased  yields  depend  upon  other 
plant  food  materials  as  ivell  as  upon  nitrogen,  other  things 
being  equal.  Among  these  are  sulfur  and  phosphorus.  The 
phosphorus  is  found  in  the  soil  in  comparatively  larger  quan- 
tities than  sulfur.  Therefore,  if  increased  production  is  de- 
sired, applications  of  some  form  of  sulfur,  preferably  gypsum, 
must  be  made,  because  the  amount  of  sulfur  in  the  soil  is 
small.  The  importance  of  sulfur  applications  on  inoculated 
soil  for  increased  legume  production  is,  therefore,  evident. 

The  alfalfa  grown  on  sulfured  soils  has  been  found  to  con- 
tain a  higher  percentage  of  protein  than  alfalfa  from  soils 
not  treated  and  the  cured  hay  has  a  very  rich  green  color. 

The  cereals  grown  on  land  which  had  been  in  alfalfa  have 
been  found  to  contain  a  high  percentage  of  protein.  This 
improved  protein  content  and  better  appearance  of  both  the 
alfalfa  hay  and  cereal  has  added  to  their  market  value. 

The  Influence  of  Oypsom  ajid  Other  Chemicala  on  Soil: 
The  application  of  gypsum  to  the  soil  has  increased  the  nitric 
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nitrogen  over  the  amount  found  iu  the  untreated  soil.  It  has 
also  increased  slightly  the  solubility  of  the  soil  pota^ium  but 
the  solubility  of  the  soil  calcium  and  phosphorus  in  its  pres- 
ence may  be  regarded  as  negligible.  The  largest  amounts 
of  calcium  were  contained  in  the  aqueous  extracts"  of  soil 
treated  with  either  sulfuric  acid,  potassium  sulfate,  sodium 
nitrate  or  nitric  acid.  Very  little  phosphorus  was  found  in 
the  aqueous  extracts  of  the  chemically  treated  soil.  The 
largest  amount  of  potassium  was  found  in  the  aqueous  ex- 
tract of  the  soil  treated  with  sulfuric  acid.  The  influence 
of  the  chemicals  on  the  solubility  of  soil  plant  food  was  not 
large  when  compared  with  results  obtained  by  "ft'hitney  and 
Cameron  or  King  on  soils  which  had  not  been  treated  with 
chemicals. 
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The  Silt  Loam  Soils  of  Eastern  Washing- 
ton and  Their  Management 


INTBODUCTION 

The  importance  of  climatic  and  soil  conditioDs  in  their  rela- 
tion to  successful  crop  production  1^  generally  appreciated. 
These  conditions  are  extremely  variable  in  the  state  of  Wash- 
inglon  and  have  such  a  pronounced  elfcut  on  the  agriculture 
that  no  system  of  soil  management  can  be  recommended  for 
general  adoption.  The  results  of  investigational  work  show 
that  even  in  Eastern  Washington  where  dry  farming  is  gen- 
erally practiced,  the  subject  of  soil  management  can  be  treat- 
ed most  satifactorily  by  dividing  the  region  into  two  general 
areas.  One  of  these  has  a  precipitation  so  low  that  moisture 
is  directly  the  limiting  factor  in  crop  production,  while  the 
production  of  the  other  where  the  precipitation  is  more  abun- 
dant is  limited  by  available  soil  nitrogen.  The  boundary  be- 
tween the  two  areas  is  approximately  defined  by  the  15-ineh 
rainfall  line,  which  shifts  slightly  from  year  to  year  with 
fluctuations  In  the  precipitation. 

The  soil  in  the  more  arid  of  these  regions  is  generally  elas  ;i- 
fled  as  a  sandy  loam  and  its  management  has  been  discussed 
in  Bui.  164  of  the  Wash.  Agr.  Exp.  Station.  The  soil  in  the 
area  covered  by  this  bulletin  is  in  the  main  a  silt  loam  and 
practically  all  of  the  investigational  work  used  as  a  basis  was 
conducted  on  the  Experiment  Station  Farm  at  Pullman, 
Wash.  The  results  properly  interpreted  will  apply  to  all  silt 
loam  soils  in  Eastern  Washington  receiving  more  than  15 
inches  of  rainfall  annually. 

CLnOATE 

Soil  moisture  plays  such  an  important  part  in  the  agricul- 
ture of  Eastern  Washington  that  precipitation,  of  all  climatic 
factors,  deserves  foremost  consideration.     The  annual  precipi- 
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tation  of  tliia  part  of  the  State  varies  from  about  six  inches  at 
the  junction  of  the  Snake  and  Columbia  Eivers,  where  the  alti- 
tude is  about  350  feet  to  twenty-two  inches  near  the  Idaho 
boundary  and  on  the  foot  hills  of  the  Blue  and  Cascade  Moun- 
tains, where  the  elevation  is  approximately  3000  feet. 

Most  of  the  precipitation  occurs  in  the  form  of  rain  during 
the  winter  season  with  practically  no  rainfall  during  the 
months  of  July  and  August,  Very  light  showers  are  common, 
and  due  to  the  fact  that  the  winters  are  rarely  cold  enough 
for  much  freezing  of  the  ground  practically  all  the  moisture 
is  absorbed  even  on  the  steeper  slopes,  thus  leaving  the  soil 
well  supplied  at  the  beginning  of  each  growing  season.  Al- 
though there  are  decided  variations  in  the  total  annual  pre- 
cipitation, these  have  little  effect  on  the  agriculture  of  the 
region  when  compared  to  effects  caused  by  the  fluctuations 
in  the  total  rainfall  for  the  months  of  April,  May  and  June. 
The  rainfall  at  this  season,  because  of  its  economic  effect  on 
the  crops  that  are  climatically  adapted,  is  watched  with  keen 
interest  by  the  farmer.  The  expression  so  common  that  "this 
is  an  unusual  season"  is  justified  with  these  annual  climatic 
variations  in  the  spring  as  a  basis.  Whatever  snow  falls  thaws 
readily  except  on  the  north  slopes  where  it  tends  to  drift  in 
and  becomes  less  exposed  to  the  sun ;  here  it  may  remain  suf- 
ficiently long  to  retard  spring  tillage  operations. 


D.n.iized  by  Google 


> 

ss 

II 

1893-1894    2 
1894-1895    1 
1S95-1S96    1 
1896-1897 
1897-1898    1 
1898-1899    1 
1899-1900    1 
1900-1901    1 
1901-1902    1 
1902-1903    1 
1903-1904    5 
1904-1905 
1905-1906    3 
1906-1907 
1907-1908    1 
1908-1S09 
1909-1910 
1910-1911 
1911-1912 
1912-1913    1 
191,3-1914 
1914-1915    1 
1916-1916 
1916-1917 
1917-1918 
1918-1919 
1819-1920 
1920-1921    2 

4 

g«,„^a>wo*o«no.o«»4.o««SSSS::Sw"«"  r 

° 

* 

s 

^ 

S?»o.«-«S«»h.o»oSM-j2»=-.SMSS«"SS!S  T 

* 

- 

|s 

" 

1 

■= 

«. 

1 

* 

■^ 

^ 

o 

s 

i 

i 

2 

g 

Fig.  2.  A  graphic  representation  ot  data  in  Table  1.  show- 
ing the  monthly  precipitation  in  Inches  (or  the  entire  year. 
The  low  rainfall  and  low  relative  humidity  and  the  high 
evaporation  during  the  summer  months  malies  the  region  best 
suited  to  small  grains  that  mature  early. 


Fig.   3.     A  graphic  repre-  Fig.  4.     A  graphic  repre- 

sentation oF  data  in  Table  2,  sentation  of  data  in  Table  3, 

showing  the  relative  humid-  showing  the   monthly   ev&p. 

ity    during    the    major    por-  oration    in    Inches    trom     a 

tion  ot  the  growing  season.  tree    water  surface   tor   the 

major  portion  of  the  grow- 
ing season. 
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The  climate  of  this  (26*)  region  is  very  mild.  A  twenty- 
five  year  temperature  record  kept  at  Pullman  shows  that  zero 
weather  is  reanhed  for  only  three  days  during  the  average 
winter  while  the  maximum  temperature  for  the  same  period 
of  years  has  not  exceeded  90  degrees  for  more  than  twelve 
days  per  average  summer  season. 


1920 

April 

May 

June 

July 

Aug. 

81.2 
41.7 
61.4 

Sept. 
9'7."0 
57.4 
77.2 

Oct. 

Maximum 

Minimum 
Annual  Mean 

94.4 
57.4 
7B,9 

90.5 

48.3 
69.4 

88.3 

47.9 
68.1 

8"0.6 
42.1 
61.3 

90.8 
59.6 

76.2 

1921 

Maximum 
Minimum 
Annual   Mean 
Avg.    Mean 

93.5 

49.7 
71.6 
73.7 

81.8 
4S.2 
70.0 
69.7 

78.8 
40.4 
59.6 
63.8 

65.6 
27.0 
46.3 
53.8 

54.7 
24.0 
39,3 
50.3 

69.6 
34. S 

52.2 
84.7 

74.0 
40.4 
57.2 
66.2 

Over  most  of  this  area  the  relative  humidity  during  the 
summer  is  so  low  that  the  temperature  needs  to  drop  below 
the  freezing  point  before  the  air  becomes  saturated  or  before 
the  dew  point  is  reached.  This  low  relative  humidity  makes 
possible  a  wide  range  in  daily  temperature  and  subjects  the 
lower  valleys  to  danger  of  frost  during  the  nights  for  nearly 
every  month  of  the  year,  thus  making  such  areas  poorly  adapt- 
ed to  crops  that  are  sensitive  to  this  condition.  The  low  hu- 
midity also  has  a  pronounced  effect  on  the  evaporation  which 
is  excessive  during  the  summer  on  areas  that  are  more  ex- 
posed to  the  direct  rays  of  the  sun  and  to  the  better  circula- 
tion of  the  atmosphere.  The  water  requirements  under  the 
climatic  conditions  prevailing  during  June,  July  and  August 
(Tables  2  and  3)  are  very  high — so  high  in  fact  that  only 
those  crops  that  mature  early,  or  those  that  are  interfilled  can 
be   grown   successfully. 


•Numbers  refer  to  references  at  end  of  bulletin. 
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TABLE  8. — ^EVAPORATION  REOOIU)S  FOR  THREE  YEARS  FKOM 

A   FREE   WATER   SURFACE   DURING   THE   OROWINO 

SEASON* 

TIME  ~        '_  ~_ ~_    "location  "_^ 

1912 Hill  fop     South  Slope     North  Slope       Average 

May  11  to  31 3.24  3.03  1.98  ITJZ 

May  31  to  June  29..    e,33  5.20  3.61  5.05 

June   29   to  Aug.    2..    5.14  4.46  3.S6  4.49 

Aug.  2  to  Sept.  2...    5.03  4.87  4.01  4.64 

Sept.  3  to  30 3.74  3.42  2.19  3.12 

.   Sept.  30  to  Oct.  5...      .40  .37  .23  .33 

Total,    147    days 23.88  21.36  15. SS  20.38 

May   7   to    31 3.16  2.63  1.97  2,59 

May   31   to  June  28..    5.27  4.03  3.23  4.18 

June   28  to  July  31.  .    8.18  B.93               ■      B.06  6.39 

July   31   to  Aug.  30.  .    6.76  5.05  5.03  4.98 

Aug.   30  to  Oct.   1...    6.10  5.67  4,63  5.47 

Get.  1   to  22    1,31  1.36  .92  1.20 

Total,    168    days 30.78  24.67  20.84  24.80 

1914 

May   2   to    30 7.64  6.28  4,07  6.00 

May   30   to  July   1...    6,65  5,45  2.97  5.02 

July   1    to   Aug,    1...    9.11  8.39  4.18  7.43 

Aug.   1   to  31    8.11  7.73  4.56  6.80 

Aug.   31   to  Sept.   3 0 .    6-0 2__ 4 . 9^  3. 32  4.66 

Total,    151    d"aya,.37.D3  32,80  19."70  30.01 

Three    year    aTerage. 30.73 26.27 18.18  25.06 

'The  reudingB  were  taken  on  tanks  four  feet  In  diameter  and  two 
(eet  deep.  Tanks  were  sunk  In  the  ground  to  within  four  inches  ot 
the  top  and  the  water  in  the  tankn  was  kept  to  within  two  and 
three  inches  of  the  top.  These  tanks  were  placed  on  the  north  and 
south  slopes  and  on  the  hill  topa. 

son.  FORMATION 

The  major  portion  of  the  area  under  consideratioD  is  a  pla- 
teau having  a  gentle  slope  toward  the  Snake  and  Columbia 
Rivers.  The  geology  of  the  region  indicates  that  this  plateau 
is  the  result  of  a  basaltic,  lava  flow  ejected  through  crevices 
in  the  imderlying  granitic  rock.  This  lava  distributed  itself 
over  the  entire  area  at  varying  depths  depending  upon  the 
irregularity  of  the  original  surface.  These  depths  were  suffi- 
cient, however,  to  leave  only  a  few  prominences  like  Kamiak 
and  Steptoe  Buttes  exposed  as  islands  in  this  molten  sea. 

The  basaltic  rock  after  being  exposed  to  the  influence  of 
the  weather  for  long  geographical  periods  gradually  disinte- 
grated and  a  layer  of  residual  soil  was  formed  on  its  surface. 
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This  soil  layer  was  modified  further  by  the  erosive  action 
caused  Ity  the  then  heavy  precipitation  with  the  result  that 
the  original  plateau  is  now  decidedly  cut  up  by  water  courses 
which  form  an  excellent  natural  drainage  system  for  this  en- 
tire region.  The  winds,  too,  have  been  very  active  in  modify- 
ing the  general  topography.  The  particles  resulting  from 
the  weathering  of  basaltic  rock  are  of  the  proper  size  to  be 
readily  transported  by  tbe  wind  and  this  accounts  for  the 
fact  that  the  soil  material  has  been  blown  away  from  those 
sides  of  the  valleys  most  exposed  to  the  prevailing  south  west- 
erly winds  and  has  again  become  deposited  on  the  leeward 
slopes.  The  combined  action  of  wind  and  water  has  produced 
a  mass  of  hills  and  valleys  which  give  the  region  a  strikingly 
uniformly  undulating  topography.  Where  the  effect  of  wind 
action  is  most  pronounced  the  hills  take  on  the  appearance 
of  dunes  having  a  long  gradual  slope  (20  to  25%  grade)  to- 
ward the  southwest  and  a  short  abrupt  slope  (45  to  50% 
grade)  toward  the  northeast.  This  has  resulted  in  the  deposi- 
tion of  a  very  deep  soil  on  the  latter  slopes  at  the  expense  of 
the  soil  on  the  windward  sides  of  the  hills,  to  the  extent  that 
basaltic  rock  is  frequently  exposed. 


Fig.   5.      A   view   of   rep  re  sen  Cat  iTe   Palouse   topography. 

These  winds  besides  influencing   the   topography   are   also 
responsible  for  the  frequent  dust  storms  that  carry  in  con- 
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sidurable  soil  material  from  the  more  arid  region  to  the  im- 
mediate westward.  This  coutinual  deposition  of  soil  together 
with  the  fact  that  the  entire  region  was  originally  a  prairie 
covered  with  a  dense  growth  of  bunch  grass  {Agropyron 
tipicata  and  other  closely  allied  varieties)  has  resulted  in  the 
formation  of  a  very  deep  surface  soil  well  supplied  with  or- 
ganic matter.  The  soil  in  general  is  a  silt  loam  officially 
classified  as  Palouse  silt  loam.  At  Pullman  this  soil  contains 
about  13%  sand,  70%  silt  and  17%  clay  in  the  surface  foot, 
(26)  but  this  texture  gradually  becomes  coarser  toward  the 
regions  where  the  altitude  is  lower  and  the  precipitation  less. 
In  their  virgin  state  these  soils  are  very  productive  and 
consequently  the  entire  area,  except  where  the  rock  is  ex- 
posed, is  under  cultivation.  In  common  with  all  soils  forme<l 
under  conditions  of  limited  rainfall,  they  are  well  supplied 
with  the  mineral  elements  of  plant  food  and  there  is  com- 
paratively little  difference  between  surface  aud  subsoil. 
(Table  4). 
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TABLE   4.— NlTKfXJEN,   PHOSI^OBUS,   POTASSIUM    CALCIUM 

AND  ORGANIC  CARBON  CONTENT  OP  VABIOUS  REPB& 

SENTATIVE  SOIL  TYPES  OF  THE  UNITED  STATES* 

AS  COMPARED  WITH  PALOUBE  StLT  LOAM  OF 

EASTERN  WASHINGTON 


Soil  to  a 
depth  of  7  In. 

Total 

Total 

P% 

Total 

K% 

Total 

Ca% 

Total 
Org.C.% 

N-G 
Ratio 

Illinois 

Prairie  Silt 
Loam 

.23 

.050 

1.76 

.523 

2. SO 

1-12.2 

liimoiB 
Telloy  Gray 
Sill  Loam 

.115 
.163 

.045 

1.75 

.375 

1.25 

1-10.9 

Iowa 
Marshall  Silt 

.066 

1.86 

1-11.4 

Grundy   Silt 
Loam 

.243 

.054 

3.03 

1-12.4 

Colby    Slit 
Loam 

,14 

.038 

2.00 

1.11 

1.77 

1-12.8 

Sumnilt  Sllty 
Clayey  Loam 

.275 

.040 

l.GO 

.54 

3.38 

1-12.3 

Carrington 

Silt  Loam 

.37 

.089 

1.42 

.846 

4.62 

1-12.5 

Fargo  Silt 
Loam 

.615 

.lis 

1.32 

1.54 

7.59 

1-12.3 

Nebraska 
Silt.  Central 
part  ot  state 

.,86 

.061 

1.9S 

2.26 

1-12.0 

Silt.  Western 
part  of  state 

.132 

.054 

2.18 

1.61 

1-12.2 

Voluaia 
Silt  Loam 

.145 

.031 

1.403 

.165 

1.56 

1-12.3 

Barnes    Silt 
Loam 

.396 

.06S 

.739 

.978 

Fargo  Clay 

.347 

.064 

1.41 

1.74 

Palouaa   Silt 
Loam  (Virgin) 

.202 

.082 

l.SO 

1.508 

2.595 

1-12.8 

WlBCODBln 

Colby   Silt 
Loam 

.198 

.072 

1.51 

.618 

2.26 

1-11.4 

WiBconaln 
Knox   Silt 
Loam 

.120 

.045 

1.79 

.599 

1.44 

1-12.0 

'Analyses  furnished  by  the  Experiment  Stations  ol  the  States  list- 
ed in  table.  iq 
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When  compared  with  some  of  the  representative  agricul- 
tural soils  in  the  United  States,  Palouse  silt  loam  is  slightly 
ubove  the  average  in  its  potassium  content  (26)  and  is  espe- 
cially well  supplied  with  calcium  and  phosphorus.  The  re- 
sults of  experimental  work  also  indicate  a  high  degree  of 
availability.  None  of  these  elements  are  at  present  limiting 
crop  production,  and  consequently  there  is  as  yet  no  justifi- 
cation for  their  application  in  a  commercial  form.  The  total 
nitrogen  content,  although  comparatively  high  is,  neverthe- 
less the  limiting  factor  in  crop  production  because  the  avail- 
ability of  this  element  is  decidedly  dependent  on  climatic  con- 
ditions which  are  frequently  unfavorable.  The  percentage 
of  nitrogen  in  the  organic  matter  as  indicated  in  Table  4  under 
nitrogen-carbon  ratio  shows  a  striking  similarity  for  all  soils. 
Contrary  to  the  more  or  less  generally  accepted  opinion  these 
soils  formed  under  a  limited  amount  of  precipitation  contain, 
if  anything,  a  lower  percentage  of  nitrogen  in  their  (11)  or- 
ganic matter  than  those  from  more  humid  sections. 

CROPPING  SYSTEM 

The  system  of  farming  generally  practiced  in  this  area  con- 
sists of  winter  wheat  alternated  with  the  summer-fallow  or 
winter  wheat  followed  by  spring  wheat,  oats  or  barley  and 
then  summer-fallow.  In  seasons  when  soil  moisture  is  so  limit- 
ed, as  to  make  fall  seeding  impossible  or  inadvisable,  spring 
grain  is  substituted  for  winter  grain.  Field  peas,  sweet 
clover,  alfalfa,  red  clover,  corn  and  potatoes  are  grown  to  some 
extent  but  as  yet  there  is  no  system  of  continuous  cropping 
or  plan  of  crop  rotation  worked  out  and  introduced  for  gen- 
eral practice.  The  reason  for  the  lack  of  serious  considera- 
tion of  a  continuous  cropping  system  can,  no  doubt,  be  found 
in  the  fact  that  most  attempts  in  the  direction  of  the  elimina- 
tion of  summer-fallow  have  resulted  in  the  introduction  of 
a  small  grain  crop  as  a  substitute.  The  returns  here  have 
been  discouraging  as  far  as  the  resulting  yields  are  concerned, 
and  besides,  such  a  system  of  cropping  also  encouraged  the 
growth  of  troublesome  annual  weeds  to  the  extent  that  clean 
cultivation  had  to  be  resorted  to,  to  control  these  pests.    This 
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lias  led  to  a  mistaken  conviction  among  most  farmers  that 
summer-fallow  is  absolutely  necessary  in  order  that  two  years 
moisture  may  be  conserved  for  tlie  production  of  one  success- 
ful crop.  Various  methods  of  tillage  considered  suited  for 
this  purpose  have  been  definitely  established.  The  results 
from  these  difft^rent  methods  as  a  rule  are  decidedly  variable 
and  the  conservation  of  total  moisture,  as  such,  offers  no  satis- 
factory explanation  for  such  variations. 

EFFECTIVE  SUMMER-FALLOW 

To  eliminate  as  far  as  poi^sible  the  speculative  feature  in 
tillage  practice  and  to  determine  the  controllable  limiting 
factors  'fl  crop  yields,  field  experiments  were  conducted  op 
one-tenth  acre  plots  on  the  Experiment  Station  farm.  These 
plots  located  on  soil  representative  of  this  region  received  the 
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vartatiotis  in  tillage  as  indicated  iu  Table  5  and  were  seeded 
to  winttr  wheat  in  alternate  years  in  acuordanee  with  gener- 
ally accepted  farm  praetiee.  Determinations  were  made  of 
the  moisture  and  nitrates  in  the  surface  foot  of  soil  at  the 
end  of  the  summer-fallow  season  just  before  the  fall  rains, 
of  the  total  moisture  and  nitrate  content  of  the  soil  the  fol- 
lowing spring  and  of  the  nitrogen  content  of  the  grain.  The 
yields  as  influenced  hy  the  variations  in  tillag,-  were  also  re- 
corded. 


Fig.  7.     CoDtlnuous  cropping  with  wheat  versus  alternate 
early  and  alternate  late  auminer-fallow. 

1.  Wheat  continuously,   20.5  bu.  per  acre, 

2.  Early  spring  plowed  and  early  spring  disked  and  har- 
rowed,  52.7   bu.  per  acre, 

3.  Late  eprlng  plowed  and  harrowed,  30.6  bu.  pet  acre. 


t  be  practiced  early 


Fig.   S.      Where   auromer-f allow 
tillage  gives  best  results. 

1.  DiBked  early  spring,  plowed  late  spring,  yield.  4  2.4  bu. 

2.  Plowed  early  spring,  packed  and  harrowed,  yield,  49.0 
bu.  per  acre. 

3.  Plowed   late   in    spring   nnd   harrowed,   yield    3G.6   bu, 

per  acre. 
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Fig.  9.  A  graphic  repreeeatatioD  oC  data  In  Table  5  (aver- 
age for  1914  aad  1916)  showing  the  relationship  that  exists 
between  moisture  in  the  surface  toot  on  BUmmer-f allow, 
nltrate-nftrogen  accumulation  and  yield  ot  wheat  under  nine 
different  methods  of  tillage. 

The  results  show  that  the  total  moisture  content  of  all  plots 
in  the  spring  of  the  year  was  practically  uniform  irrespective 
of  the  kind  of  tillage  practiced.  This  moisture  content  in 
each  ease  was  practically  equivalent  to  the  field  water  holdiof; 
capacity.  The  untilled  plot  had  as  high  a  total  moisture  con- 
tent as  the  others  thus  indicating  conclusively,  that  contrary 
lo  popular  assumption,  summer-fallowing  as  practiced  in  this 
region  for  the  purpose  of  storing  up  a  two  years'  water  sup- 
ply (39)  to  satisfy  the  requirements  of  one  crop  is  entirely 
without  foundation. 

To  hring  these  soils  back  to  their  field  water  holding  ca- 
eapity  requires  the  absorption  of  sufficient  precipitation  to 
replace  the  amount  removed  during  the  period  in  which  the 
]ireccding  crop  was  gro^vn.  For  three  seasons,  results  with 
two  varieties  of  wheat  (Hybrid  143  and  Kubanka)  show  this 
amount  of  moisture  to  be  equivalent  to  16.1  iuches  of  rainfall 
for  the  production  of  an  average  yield  of  42.8  bu.  per  acre 
(41).  This  requires  the  absorption  and  retention  of  practical- 
ly all  of  the  precipitation  that  comes  during  one  season.  Such 
conservation  is  possible  where  the  precipitation  comes  in  gen- 
tle rains  and  where  the  evaporation  during  the  wet  season 
is  practically  nil.  If  summer-fallowing  is  practiced  under 
conditions  where  the  annual  rainfall  is  sufficient  to  satisfy  the 
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field  water  iioldlDg  capacity  of  the  soil,  the  amount  of  moisture 
conserved  by  summer-fallow  tillage  must  necessarily  be  lost 
through  leaching. 

At  the  end  of  the  summer-fallow  year  there  were  decided 
variations  io  the  distribution  of  soil  moisture  affected  by  dif- 
ferent methods  of  tillage  as  evidenced  by  the  moisture  con- 
tent in  the  surface  foot  of  soil.  These  variations  in  surface 
moisture  were  paralleled  by  variations  in  the  soil  nitrate  con- 
tent (5)  (3)  (6)  and  by  the  resulting  yield  the  following  year. 
This  indicates  conclusively  that  available  soil  nitrogen  and  not 
total  soil  moisture  (4)  is  the  limiting  factor  in  crop  produc- 
tion in  this  region  and  that  the  real  basis  for  summer-fallow- 
ing is  to  make  the  maximum  amount  of  nitrogen  ready  for 
plant  use.  The  natural  supply  of  available  nitrogen  depends 
upon  the  decomposition  of  organic  matter  which  in  turn  is 
dependent  upon  the  activities  of  bacteria  in  the  soil.  These 
organisims  for  their  optimum  development  require  favorable 
conditions  of  moisture,  air,  temperature  and  organic  matter 
in  the  surface  soil.  Of  these,  moisture  and  organic  matter 
are  the  only  factors  that  can  be  controlled  (9)  to  any  extent. 
It  is  also  very  evident  from  the  data  (Table  5)  that  the  mois- 
ture in  the  surface  foot  should  be  more  than  13.5%  for  ade- 
quate nitrate  development.  This  fact  is  confirmed  by  results 
obtained  from  pot  experiments  (Table  6)  where  the  moisture 
content  of  the  soil  was  very  closely  controlled. 

TABI.B  6.— THE  EnPFBCT  OF  VABYINO  AMOUNTS  OP  MOISTURE 

IN  PALOUSE  8II/r  liOAM  SOIL  ON  THE  AOCUMUI.ATION 
OF  NITRATE  NITROGEN  IN  51  PAYS 

Moisture  NITRATE    NITROGEN    (N) 

Maintained  Beginning  "End  Accumulation 

%  p.p.m.  p.p.m.  p.p.m. 

9.85 5.0 28.8 23.8 

11.47 5.6 32.8 36.2 

13.45 5.6 40.1 34.6 

14.35 5.9 40.9 35.0 

16.31 5.6 38,8 33.2 

16.44 .1.6 39.7 34.1 

17.44 5.6 39.0 33.4 

18.36 5.7 38.4 32.7 

19.65 5.8 39.0 33.2 

21.53 6.0 39.5 33.5 

24.38 5.8 40.4 34.6 

27.00 6,1 39.5 33.4 

ly 
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The  presence  of  about  13.5%  of  soil  moisture  can  be  readily 
determined  in  the  field  because  it  creates  a  condition  under 
which  the  small  clods  or  lumps  offer  very  little  resistance 
to  the  pressure  of  the  hand  and  the  soil  allows  itself  to  be 
readily  molded.  This  amount  of  moisture  present  immediate- 
ly beneath  the  dry  soil  mulch  in  the  fall  is  an  indication  that 
Ihe  summer-fallow  tillage  has  been  effective. 

Due  to  the  variations  in  climatic  conditions,  especially  ax 
they  influence  the  distribution  of  soil  moisture  from  year  to 
year,  the  same  system  of  tillage  will  not  necessarily  produce 
the  same  results  for  different  seasons.  This  is  borne  out  by 
the  data  in  Table  5,  where  the  highest  yields  did  not  always 
follow  the  same  tillage  practices.  Where  summer-fallowing 
is  practiced,  the  tillage  that  is  most  effective  (33)  and  which 
should  be  followed  as  nearly  as  possible,  consistent  with  good 
farm  management,  is  that  which  will  keep  the  highest  amonnt 
of  moisture  in  the  surface  soil  for  the  greatest  length  of  time 
during  the  sununer-fallow  year.  For  this  purpose  early  spring 
plowing  is  essential  because  the  plow  furrow  at  this  time  of 
the  year  is  sufficiently  moist  to  settle  back  into  place  and  re- 
establish capillary  contact  with  the  soil  below  thus  causing 
the  major  portion  of  the  furrow  slice  to  remain  sufficiently 
well  supplied  with  moisture  to  satisfy  the  demands  for  nitrifi- 
cation throughout  the  season,  "When  the  plowing  is  delayed, 
however,  until  the  plowed  soil  becomes  too  dry  for  capillary 
movement  of  moisture  the  soil  is  cloddy  and  will  not  settle 
back  in  place.  Such  soil  turned  under  will  not  readily  es- 
tablish capillary  contact  and  consequently  the  whole  stirred 
layer  will  dry  out.  Unless  such  fallow  receives  summer  rains, 
which  are  uncommon  (Table  1)  the  desired  nitrification  can 
not  take  place.  For  these  reasons  late  spring  plowing  should 
not  be  practiced.  The  conservation  of  moisture  in  the  surface 
soil  plays  such  an  important  part  in  the  elaboration  of  plant 
food  and  is  so  dependent  on  early  tillage  that  a  special  effort 
should  be  made  to  establish  a  mulch  just  as  early  as  possible. 
This  means  that  where  the  area  to  be  summer-fallowed  is  laree 
and  all  of  it  can  not  be  plowed  early,  shallow  tillage  like 
di.sking  should  precede  plowing. 
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To  produce  the  most  satisfactory  soil  condition  throughout 
the  season  the  plow  should  be  followed  inunediately  by  a 
light  surface  tilling  implement  like  a  harrow.  Further  tillage 
is  not  necessary  to  maintain  a  mulch,  because  the  scant  rain- 
fall received  during  the  average  summer  is  not  sufficient  to 
re-establish  capillary  contact  and  therefore  does  not  interfere 
materially  with  moisture  conservation. 

SUBSTITUTES  FOB  SUHHEB.FALLOW 

Although  the  total  rainfall  is  sufficient  to  grow  a  crop 
every  year,  it  is  very  evident  that  the  proper  distribution  of 
moisture  plays  an  important  part  in  promoting  nitrification. 
For  this  reason  results  from  a  continuous  cropping  system, 
where  moisture  distribution  through  tillage  can  not  be  easily 
controlled,  have  not  always  been  satisfactory. 

Due  to  the  fact  that  climatic  and  soil  conditions  are  so  ex- 
cellently adapted  for  the  growth  of  small  grains,  little  atten- 
tion has  been  given  to  other  crops.  In  eases  where  continu- 
ous cropping  has  been  attempted,  the  rotation  generally  in- 
cluded none  but  the  small  grain  crops  and  here  moisture  con- 
trol through  tillage  was  not  possible,  (33).  Besides  the  dif- 
ficulty of  controlling  the  weed  situation,  which  always  offers 
a  perplexing  problem  under  this  plan,  there  are  other  more 
decided  limitations.  If  land  ia  continually  seeded  to  small 
grain,  a  crop  requiring  a  large  amount  of  available  nitrogen 
during  (24)  the  early  stages  of  its  growth,  unsatisfactory 
yields  result.  A  corn  crop  that  does  not  draw  heavily  on  soil 
nitrogen  until  later  in  the  season,  contrasted  to  wheat  is  not 
affected  by  a  lack  of  available  nitrogen  in  the  spring,  but, 
will  produce  a  satisfactory  crop  where  winter  wheat  would 
suffer  very  materially.  The  inter-tillage  practiced  in  con- 
junction with  the  com  crop  will  keep  the  moisture  near  the 
surface  (27)  for  a  considerable  period  during  the  year  and 
thus  have  the  same  beneficial  effect  on  nitrification  as  a  good 
fcummer-fallow. 
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Pig.  10.  A  graphic  representation  ot  date  In  Table  7,  ehow- 
fng  the  etiect  or  dillerent  methods  of  preparing  aoil  tor 
winter  wheat  on  the  total  nitrate-nitrogen  accumulation  and 
on  the  yield. 


Small  grain  on  the  other  hand  draws  the  moisture  out  of 
the  surface  soils  very  early  in  the  season,  thus  leaying  only  a 
very  short  time  during  which  conditions  are  such  as  to  make 
nitrification  possible.  This  results  in  a  lack  of  sufficient 
nitrates  to  produce  a  profitable  crop  the  following  year.  Sum- 
mer-fallow tillage  that  conserves  moisture  near  the  surface, 
however,  also  promotes  the  growth  of  weeds.  These  weeds 
not  only  draw  heavily  on  the  surface  soil  moisture  and  thus 
interfere  with  the  development  of  nitrates,  but  also,  like  any 
other  crop,  utilize  nitrates  already  formed  and  if  they  are 
allowed  to  grow  all  benefits  of  the  summer-fallow  are  lost. 
The  tillage  subsequent  to  the  spring  plowing  and  harrowing 
should  therefore  be  of  such  a  nature  and  frequency  as  to  pre- 
vent weed  growth  moat  economically. 
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TABI.E  8. — NITRATES  IN  THB  SUKFACE  FOOT  OF  SOIL  DUKINa 

THE  OltOWlNO  SEASON  IN  A  CORN,  WHEAT  AND 
SUMMER-FAIXOW  FIEIJ)  

Treatment  Nitrate  Ni'trbeen 

'  June  6  ~~  Aug,  13  Oct.  4__ 

p.p.m.  p.p.m.  p.p.m. 

Early  aummer-f allow    2.9 8.5 8.8 

Late  BUnimer- fallow   1-0 1.4 2.1 

Wheat    1.1 1.1 2.4 

Corn     3,9 2.5 12.0 


Fig.  11.  A  graphic  representation  of  data  In  Table  8, 
showing  the  nitrate-nitrogen  content  In  the  enrtace  foot  of 
Boll  In  a  corn  field  as  compared  to  the  nitrate-nitrogen  con- 
tent In  an  early  and  a  late  summer- tallow  field. 

RELATION  BETWEEN  AVAILABLE  NITROGEN  AND 
PLANT  DEVELOPMENT 

Winter  grain  crops,  when  planted  early  in  the  fall  on  soil 
well  supplied  with  moisture  near  the  surface,  have  a  tendency 
to  tiller  very  profusely.  As  has  been  shown  before,  this  soil 
condition  indicates  a  high  nitrate  content. 
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TABI.E    9^THE     ADAPTABILITY     OF     THE     YOUNG     WHEAT 
PLANT  TO  THE  NITRATE  NITROGEN  SUPPLY  IN  THE  SOIL 

Nitrate 
Nitrogen 
in   surface 

Tillers 

Nitrogen  Conteot 
ot  Plant 

p,p-ir.. 

No. 

% 

The  data  in  Table  9  showing  the  nitrogen  content  of  the 
plant  indicates  that  the  young  wheat  plant  apparently  at- 
tempts to  maintain  a  uniform  nitrogen  content  (16)  in  its 
tissue.  To  adapt  itself  to  large  amounts  of  available  nitrogen 
in  the  soil  the  plant  is  forced  to  tiller. 

The  data  in  Table  10  obtained  under  conditions  of  uniform 
soil  nitrate  content,  shows  that  tillering  also  varies  indirectly 
with  the  rate  of  seeding  because  the  lighter  seeding  leaves 
more  nitrogen  available  per  plant. 


Fig.  12.  A  high  nitrate 
content  in  the  soil  results 
In  increased  tillering  of 
wheat,  a  fact  worth  taking 
Into  consideration  at  seed- 
ing tiine.  Four  plants  per 
pot.  Left,  check.  Right, 
.75  gms.,  sodium  nitrate. 
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TABLE    10.— THE    EFFECT    OF    RATE    OF    SEBDINO    WINTER 

WHEAT  (Hybrid  128)  ON  YIELD  AND  ON  NUMBERS  OF 

TILLERS  PER  PLANT.     UNDER  FIELD  CONDITIONS 

Plots  11x7  feet 


Rate  of 

Plants 

Culms 

Tillers 

seeding 

Yield  per 

per  row 

per  row 

per  plant 

per  acre 

acre 

No. 

No. 

Bus. 

16.1 

..188... 

11.6 

..    16.... 

...67.2 

29.9 

. .342 

....    S.l 

..    30... 

....61.4 

38.5 

..257.... 

6.7 

. .    4fi..  .  . 

60.4 

50.0 

..26fi 

5.3 

..    60..,. 

...62.7 

, .312 

4.8 

. .    90..  .  . 

...63.6 

Not 

.  .312 

Not 

. .120 

..  .60.S 

calculated 

356 

.  .  .calculated 

180 

...57.9 

384 

240 

66.8 

This  variation  in  tillering,  however,  is  not  in  mathematiral 
proportion,  as  there  is  a  tendency  for  more  culms  to  develop 
per  acre  with  the  heavier  seeding  at  an  expense  of  smaller 
heads  and  weaker  straw.  This  extra  development  of  culms 
is  frequently  sufficient  to  cause  lodging  or  "burning,"  and 
these  conditions,  generally  consistent  with  the  farmer's  expe- 


/         lit        f       i        1       t 


I 


Fig.  13.  The  size  ot  tbe  wheat  spike  in  the  field  is  dlrectlr 
affected  by  the  number  of  culms  per  unit  of  area,  a  matter 
that  Is  influenced  by  tbe  nitrate  content  of  the  soil  and  the 
rate  and  date  of  seeding.  In  this  case  the  nitrate  content 
and  the  date  of  seeding  were  uniform,  but  the  rate  ot  seeding 
varied  as  follows; 

1.  15  lbs.  per  acre.  5.  90  lbs.  per  acre. 

2.  30  lbs.  per  acre.  6.  120  Iba.  per  acre. 

3.  45  lbs.  per  acre.  7.   180  lbs.  per  acre. 

4.  60  lbs.  per  acre.  8.  240  lbs.  per  acre. 
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rience,  result  in  decreased  yields.  In  the  experiment  used 
ai>  a  basis  for  the  data  in  Table  10  all  wheat  seeded  heavier 
than  sixty  pounds  per  acre  lodged  and  the  maintenance  of 
yield,  in  spite  of  this  fact  can  be  attributed  only  to  an  ab- 
normally high  soil  moisture  supply.  The  nitrate  nitrogen  in 
these  plote  during  the  entire  season  was  more  than  sufficient 
to  satisfy  the  demands  of  the  crop  and  consequently,  at  no 
time  a  limiting  factor.  There  is  no  intention  to  specify  what 
the  best  rate  of  seeding  should  be  tinder  field  conditions  be- 
cause it  is  recognized  that  there  are  too  many  influencing 
factors,  both  soil  and  climatic,  to  make  such  a  recommenda- 
tion possible  or  advisable  for  all  conditions.  One  fact  is  evi- 
dent, however,  and  that  is  that  irrespective  of  the  rate  of 
seeding  within  the  limits  of  this  experiment  favorable  condi- 
tions of  climate  will  always  asure  high  yields  on  fields  where 
the  nitrogen  supply  is  not  limited,  provided  (12)  (17)  the 
grain  is  planted  sufficiently  early  to  allow  time  for  the  nec- 
essary tillering. 

High  nitrate  contents  are  commonly  found  after  a  legume 
has  been  grown,  or  in  the  fall  following  an  early  summer-fal- 
low where  the  moisture  has  been  retained  close  to  the  surface 
and  is  still  in  evidence  at  seeding  time.  If  on  such  soils  heavy 
seeding  is  practiced  sufficiently  early  in  the  fall  to  provide 
time  for  considerable  growth  end  tillering  there  will  be  a 
tendency  for  lodging  or  '"burning,"  Lodging  occurs  in  seasons 
where  there  is  a  large  moisture  supply  available,  while  under 
conditions  where  the  moisture  is  inadequate  to  carry  all  plants 
through  to  maturity,  "burning"  may  result.  Either  condi- 
tion generally  produces  decreased  yields.  These  can  be  avoid- 
ed largely  by  regulating  the  rate  of  seeding  at  planting  time 
or  regulating  the  nitrate  supply  in  the  soil,  a  matter  that 
will  be  discussed  later. 

The  nitrates  developed  during  the  preceding  season  have 
no  effect  on  the  tillering  of  spring  seeded  grain  due  to  the 
fact  that  the  winter  precipitation  causes  sufficient  leaching 
to  carry  this  soluble  plant  food  down  beyond  the  feeding  zone 
of  plants  in  this  stage. 
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TABLE   11. — THE  INFLUENCE  OF  WINTER  RAINS  VPOI4  THE 
MOVEMENT  OF  NITRATE  NITROGEN  IN  THE  SOIL 

Depth  Nitrate  Nitrogen 

Oct.  6,  1916 April  6.  1916 

(eet  p.p.m.  p..p.m. 

1 15.70 1.05 

2 1.31 1.90 

3 95 5.50 

4 81 7.B0 

6 81 5.00 


Fig.  14.     Grapbic  representation  of  data  in  Table  1 
Ing  the  effect  of  winter  precipitation  on  f 
nitrate-nitrogen  in  the  soil. 

The  nitrates  developed  in  the  summer- fallow  of  the  pre- 
ceding year  are  found  in  the  sub-soil  the  following  spring  at 
a  depth  of  three  feet  or  more  and  there  are  indications  that 
some  of  them  have  even  been  lost  in  the  drainage  water.  In 
seasons  or  under  conditions  of  farm  mangement,  when  spring 
planting  becomes  necessary,  the  amount  of  tillering  depends 
upon  the  nitrates  that  develop  during  the  spring  while  the 
surface  is  still  moist.  This  nitrate  development  is  largely 
dependent  on  the  rainfall  received  immediately  after  seeding, 
a  factor  that  cannot  be  predieted  or  controlled  and  consequent- 
ly the  tillering  of  spring  grain  cannot  be  regulated  by  varia- 
tions in  the  rate  of  seeding.  With  the  limited  data  available 
it  seems  reasonable  to  ai^sume  that  spring  grain  has  greater 
possibilities  following  a  legume  than  it  has  when  planted  on 
average  summer-fallow  or  when  following  any  other  crop. 
The  crop  residue  left  by  the  legume  is  high  in  nitrogen  con- 
tent and  much  of  it  decomposes  readily.  This  furnishes  the 
young  plant  with  available  nitrates,  thus  assuring  the  tiller- 
ing necessary  for  a  good  yield.  Due  to  its  lesser  tendency  to 
lodge  or  hum  and  especially  because  of  the  fact  that  in  some 
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seasons  legume  sods  are  difficult  to  prepare  for  fall  seeding, 
spring  grain  may  be  better  adapted  to  this  place  in  the  rota- 
tion than  winter  wheat, 

RELATION  BETWEEN  AVAILABLE  NITROGEN 
AND  QUALITY  OT  GRAIN 

Although  variations  in  available  soil  nitrogen  do  not  affect 
the  nitrogen  content  of  the  wheat  plant  in  the  early  stages 
they  have  a  decided  effect  on  the  nitrogen  content  and  qual- 
ity (1)  of  the  grain  produced.  The  nitrogen  content  of  mar- 
ket wheat  is  important  because  it  is  proportional  to  the 
amount  of  protein  present  (39)  which  in  turn  directly  affects 
the  quality  of  the  flour  from  a  milling  standpoint.  The  mill- 
ing industry  has  recognized  the  fact  that  the  wheat  produced 
in  Eastern  Washington  where  nitrogen  is  the  limiting  factor 
is  poorer  in  quality  than  that  grown  in  the  "Big  Bend"  sec- 
tion, immediately  westward  where  moisture  is  the  limiting 
factor.  It  is  also  becoming  more  and  more  evident  that  the 
quality  is  gradually  declining  as  the  soil  nitrogen  becomes 
more  and  more  limited.  There  are  indications  that  the  future 
market  for  wheat  will  place  more  emphasis  on  quality  than 
ever  before,  thus  causing  the  agriculture  of  this  section  to  be 
doubly  concerned.  Both  yield  and  quality  (39)  of  wheat  are 
directly  proportional  to  the  nitrate  nitrogen  content  of  the 
soil,  a  factor  that  is  largely  within  the  grower's  control. 

Where  all  other  factors  are  uniform,  good  quality 
of  wheat  or  high  protein  content  is  physically  indi- 
cated by  a  hard  vitreous  berry  (31)  while  a  mottled  or 
light  colored  berry  indicates  high  starch  content  and  poorer 
quality.  This  latter  condition  is  commonly  referred  to  as 
"yellow  berry"  (13)  and  the  relation  between'it  and  other 
factors  influenced  by  nitrate  nitrogen  in  the  soil  is  shown  in 
Table  12,  The  outstanding  fact  is  that  conditions  favorable 
for  yield  are  also  favorable  for  quality  irrespective  of  variety. 
High  yields  of  wheat  under  the  same  condition  of  climate 
and  soil  must  therefore  necessarily  produce  grain  of  lower 
quality,  because  the  same  amount  of  nitrogen  needs  to  be 
distributed  over  a  greater  weight  of  product. 
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TABLE  12. — REIiATION  OF  NITRATES  IN  THE  SURFACE  SOIL 

IN  THE  FALL  TO  YIBLD,  TO  NITROGEN  CONTENT  OF 

GRAIN  AND  TO  "YELIXJW  BERRY"  OP  FOUR 

LEADING  VARIETIES  OF  WINTER  AVHEAT 


Nitrate  Nitrogen 

In  Burtace  6  In-  Yield 


Nitrogen  In        Yellow 


bu. 

34.B 

62.9 

2.11 

6 

Turkey  Red 

23.1 

62.3 

2.04 

10 

Turkey  Red 

23.0 

61.2 

Hybrid  128 

1E.6 

62.5 

1.87 

26 

Hybrid  143 

48.1 

65 

Hybrid  128 

45 

Little  Club 

11.2 

63.6 

1.87 

25 

Hybrid  143 

66.4 

1.63 

61 

Little  Club 

8.7 

-      48.7 

1.51 

75 

Hybrid  143 

5.0 

30.3 

1.21 

100 

Hybrid  128 

Fig.  IE.  A  graphic  representation  ot  data  in  Table  12, 
Bhawlng  the  relationship  that  Qxists  between  available  nitro- 
gen in  the  aoll,  nitrogen  in  the  grain  and  percentage  of  yellow 
berry  In  the  grain  in  samples  taken  from  ten  different 
localitica. 

Where  spring  wheat  is  seeded  after  summer-fallow,  "yellow 
berry"  is  practically  unknown,  due  to  the  fact  that  the  rain- 
fall of  the  preceding  winter  has  carried  sufficient  nitrates 
down  into  the  soil  to  such  a  depth  that  spring  grain  ia  well 
supplied  with  this  element  after  the  tillering  season  is  over. 
When  spring  wheat  is  sown,  following  a  small  grain  crop, 
however,  this  fund  of  available  nitrogen  does  not  exist  in 
the  lower  soil  and  "yellow  berry"  is  more  common. 
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LOSS  OF  NirBOGEN  BY  OBOFPINO  AND  LEACHINa 

It  has  been  shown  that  stunmer-fallowing  is  practiced  to 
make  nitrogen  available  under  conditions  where  the  precipi- 
tation of  the  Bucceediug  winter  is  more  than  sufficient  to 
satisfy  the  Vater  holding  capacity  of  the  soil.  There  is  a 
loss  of  nitrogen  from  the  soil  as  a  result  and  this  loss  as  shown 
in  Table  13  should  be  practically  accounted  for  in  the  crops 
removed  and  the  soil  leachings. 


Loss  ot  Nitrogen 
Nitrogen  In         Nitrogen  In  through 

Sample  virgin  soil  cropped  soil  cropping 

In^  Lbs.  per  A.  Lbs.  per  A.  Lbs.  per  A. 

South  Hillside 

0—6    2695.5 2378.4 317.1 

« — 12 2148.4 1489.7 658.7 

12 — 24 3478.6 2272,3 1206.0 

Total  loss  in  two  ft.     2182.0 


North  HIllBide 

-6    4234.0 3962.1 1271.9 

-12 3098.0 2S73.B 524.5 

-24 5330.0 4488.4 841.6 

Total  loss  In  two  ft.     2638.0 

West  Hillside 

-6    3118.9 2099.6 1019.3 

-12 19$8.9 1646.6 322.3 

-24 2721.1 2496,6 224.B 

Total  loss  In  two  ft.     1666.1 


The  average  loss  of  22.1  per  cent  of  nitrogen  from  the  sur- 
face two  feet  of  soil  (40)  over  a  period  of  39  years,  repre- 
sents 2128.7  lbs.  The  amount  of  nitrogen  necessary  for  the 
growth  of  both  straw  and  grain  to  produce  one  bushel  of 
wheat  is  about  1.7  lbs.  This  would  mdicate  that  enough  nitro- 
gen has  been  lost  from  the  soil  to  produce  1250  bushels  of 
grain  in  twenty  crops  or  an  average  biennial  yield  of  62^4 
bushels  per  acre  under  a  system  of  alternate  summer-fallow 
and  wheat.  Since  this  theoretical  yield  is  at  least  50  per  cent 
greater  than  that  actually  obtained  it  is  very  evident  that 
there  has  been  a  loss  of  at  least  eighteen  pounds  of  nitrogen 
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per  sere  annually  to  sources  besides  those  aeeounted  for  (45) 
in  the  removal  «i  grain  and  straw. 

Although  DO  Bystem  of  soil  management  can  be  so  regulated 
as  to  coufine  all  plant  food  losses  to  crops  removed,  the 
amount  of  nitrogen  lost  (24)  here  in  proportion  Xo  that  used 
is  much  too  high.  In  a  normal  season  where  winter  wheat 
makes  sufficient  growth  to  utilize  a  large  percentage  of  the 
available  nitrogen  before  the  rainy  season  begins  the  loss  is 
at  a  minimiuu.  On  the  other  hand,  where  soil  and  climatic 
conditions  in  the  fall  are  so  adverse  as  to  make  very  late  seed- 
ing or  even  spring  seeding  necessary,  the  loss  of  this  avail- 
able nitrogen  through  leaching  because  of  heavy  winter  pre- 
cipitation, becomes  exceedingly  large. 

The  summer-fallow  system  not  only  draws  steadily  on  the 
soil  nitrogen  necessary  for  crop  production  without  any  at- 
tempt at  the  maintenance  of  this  limited  and  therefore  im- 
portant element  of  plant  food,  but  it  has,  moreover,  depleted 
the  soil  of  at  least  50%  more  nitrogen  than  is  actually  removed 
by  the  crop.  The  practice  is  therefore,  not  only  short-lived 
but  exceedingly  wasteful  as  well. 

LOSS  AND  MAINTENANCE  OF  ORQANIO  HATTER 

The  evidence  is  conclusive  that  the  present  system  of  agri- 
culture does  not  make  for  permanency,  when  it  is  found  that 
after  a  period  of  thirty-nine  years  of  farming,  during  which 
time  only  twenty  crops  were  grown,  34.5  per  cent  of  the  or- 
ganic matter  (Table  14)  and  22.1  per  cent  of  the  nitrogen 
(Table  13)  have  been  lost  (2)   (8)  from  the  soil. 

The  loss  of  organic  matter  as  such  has  also  had  a  very  pro- 
nounced detrimental  effect  on  the  physical  condition  of  the 
soil.  The  erosion  on  the  steeper  slopes  after  heavy  rains  is 
becoming  so  severe  that  the  resulting  trenches  interfere  very 
materially  with  field  operations  and  with  satisfactory  crop 
development.  Pall  plowing  after  a  dry  summer,  following 
the  harvest  of  winter  wheat  also  has  become  next  to  impossible 
due  to  the  extreme  compactness  of  the  soil.  Consistent  with 
this  condition  the  winter  rains  have  a  tendency  to  cause  a 
puddling  and  general  running  together  of  the  soil,  so  that 
winter  grain  is  decidedly  handicapped  in  establishing  itself 
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16.  The  eropion  at  soils  in  Ihe  Palouse  country  is  a 
i  prnblem.  It  •»  the  result  oC  a  system  ol  (arming  that 
no  provision  (or  Che  maintenance  of  tbe  organic  matter 


and  a  proper  seed  heil  for  spring  grain  is  difficult  lo  prepare. 
In  the  spring  of  the  year,  the  surface  soil  very  readily  forms 
a  crust  whit-h  becomes  exceedingly  hard  before  the  soil  im- 
medialely  below  is  sufficiently  dry  to  plow  well.  This  re- 
sults either  in  plowing  the  land  when  it  is  too  wet  at  the  lower 
portion  of  the  furrow  slice  or  otherwise  when  it  is  decidedly 
dry  and  inclined  to  become  lumpy  at  the  upper  portion.  This 
condition  is  conductive  neither  to  a  good  seed  bed  nor  to 
good  summer-fallow.  To  obtain  the  soil  condition  essential 
for  optimum  nitrification  and  satisfactory  crop  development, 
the  farmer  finds  it  necessary  to  devote  more  time  to  tillage 
operaiions  than  formerly  in  order  that  the  same  results  in 
yields  may  be  obtained. 

The  impression,  so  prevalent  among  a  certain  class  of  farm- 
ers, that  the  soils  are  not  being  depleted  but  are  maintaining 
their  fertility,  is  not  suported  by  results  from  analyses.  The 
fact  that  yields  during  some  seasons  on  certain  fields  may  be 
as  large  as  they  were  under  virgin  soil  conditions  can  be 
accounted  for  only  on  the  basis  of  greater  effort  in  soil  prep- 
aration and  more  favorable  seasonal  conditions. 
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Inches  Lba.  per  A.  Lbs.  per  A.  Lbs.  per  A. 

South  Hlllalde 

0—6    35,457.8 22,277.8 13,190.0 

6 — 12 24,289.0 13,896.5 10.419.5 

12 — 34.  .  ._^  .  .37,400.0 ..  .17.360.0 20,040.0 

Weat  Hillside 

0 — 6    35.388.1 23,173.9 12,214.2 

6 — 12 22,041.4 17,493.7 4,547.7 

\2—ii.^. 29,866.0 1S.83S.3 ..^11,020.7 

North  HUlBlde 

0—6    52.969.0 33,419.2 19.549.8 

6 — 12 37,897.2 28.993.5 8,903.7 

12 — 24 .67,126.0 48.731.5 18.394.5 

Average  loss  to  a  depth  of  two  feet.  .  .  .39,436.7 
Average  Iobb  In  per  cent   34.5% 

Organic  Matter  Maintenance  Through  Use  of  Straw 

Id  the  Great  Plains  section  where  interjnittent  showers  are 
common  during  the  growing  season  the  surface  soil  in  a 
cropped  field  does  not  remain  dry  during  the  entire  summer 
as  it  does  in  Eastern  Washington  where  the  summer  rains  are 
rare  to  the  extent  of  being  practically  unknown.  Here,  after 
the  soil  once  dries  out  m  the  spring,  it  generally  remains  dry 
until  after  harvest.  This  dry  soil  condition  during  practically 
the  entire  warm  portion  of  the  year  allows  very  little  oppor- 
tunity for  the  decomposition  of  stubble,  straw,  or  manure, 
unless  an  effort  is  made  to  retain  the  soil  moisture  near  the 
surface  through  summer-fallowing  or  growing  of  an  intertilled 
crop  lihe  com  or  potatoes.  That  this  organic  matetr  fails  to 
decompose  under  a  continuous  cropping  system  is  indicated 
by  its  presence  in  the  soil  at  the  bottom  of  the  furrow  at  the 
end  of  the  year  when  the  land  is  again  plowed  in  prepara- 
tion for  the  next  crop.  The  presence  of  this  organic  matter 
has  a  depressing  effect  on  the  development  of  nitrates. 
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NITRATE  NITROGEN  (N) 
Hill  T( 

Time _9?^''_i 

p.p  m-     p-p.m.     p.p.m.     p.p.m.^jTpim^  pp.mT 

Beginning     6.0       6.0              &.T       5.7  6.9        6.9 

4    days    fi.9       7.4              6.8       8.1  7.8       8.7 

11    days    5.6       2.2              7.1        2.2  8.1       3.3 

21    days    S.2        1.9              9.6       2.1  9.9       2.8 

29    days    H.9        1.7             15.2         2.1  14.2        3,3 

36    days     12.1        2.9             14.5         4.0  14.5        3.9 

111    days     22.4      12.5             37.3      18.9  30-7  12.2 

In  each  case  where  straw  was  applied  there  was  an  actual 
loss  of  nitrate  nitrogen  (14)  (18)  (28)  (44)  (34)  in  the  soil 
soon  after  the  application  was  made.  It  took  more  than  36 
days  of  ideal  conditions  for  decomposition  before  the  nitrate 
content  again  became  as  high  as  it  was  when  the  experiment 
was  begnn. 

It  was  shown  in  Table  5  that  available  nitrogen  is  the  limit- 
ing factor  in  crop  production  and  consequently  any  soil  con- 
dition that  interferes  with  the  develepment  of  nitrates  will 
have  a  detrimental  effect  on  the  yield.  The  data  obtained 
from  experiments  in  the  field  and  plant  house,  where  wheat 
was  grown  immediately  after  straw  was  applied  to  the  soil, 
shows  the  detrimental  effect  of  such  application  on  the  yield. 
In  the  field  this  decrease  in  yield  was  experienced  in  all  eases 
where  straw  was  used,  either  plowed  under  or  applied  as  sur- 
face dressing  on  spring  and  winter  grain. 

This  explains  in  part  why  the  farmer,  using  his  crop  yields 
as  an  indication,  has  been  inclined  in  some  cases  to  look  favor- 
ably upon  the  burning  of  stubble  in  the  field.  He  has  been 
very  much  opposed  in  all  cases  to  returning  either  straw  or 
other  crop  residue  to  the  soil  in  spite  of  the  fact  that  he  was 
theoretically  convinced  that  the  return  of  these  materials 
would  prevent  the  depletion  of  the  organic  matter  and  thus 
tend  to  maintain  soil  productivity.  Before  the  return  of  straw 
to  the  soil  can  he  generally  recommended  ,means  must  be 
found  to  prevent  the  depressing  effect  on  yield  now  experi- 
enced and  it  must  also  be  shown  that  such  return  actually 
benefits  the  soil  as  regards  organic  matter  maintenance. 
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TABLE    19. — NITRATE    NTTKOGEN    DEVELOPMENT    IN    80IU 

TREATED  WITH  STRAW.  IN  AMOUNTS  EQDIVALET  TO 

FIEIiD  STUBBLE  AND  TO  COMPLETE  RESIDUE. 

CONDUCTED  IN  TWO-GALLON  JARS 


NITRATE  NITROGEN  (N) 


Time Check 

p.p.m. 

At   beslunlng    1.1 

Atter  30  days 10.9 

After  66  days 22.1 

After  76  days 17.3 

After  97  days 22-5 

After  127  days    .24.8 

After  162  days 28.5 

After  196  days   3S.B 


Complete* 

Stubble* 

Restdne 

p.p.m. 

p.p.m. 

1.1 

1.1 

3.2 

1.2 

12.3 

2.4 

10.7 

3.E 

10.6 

6.2 

29.1 

19.9 

38.4 

26.6 

39.6 

27.8 

The  soil  moisture  la  this  experiment  was  maintained  at  optimnn 
condition  for  nitrification  (15  to  20%)  and  In  this  respect  was  rep- 
resentative of  good  summer- tallow  conditions.  Even  here  it  took 
practically  100  days  before  the  depressing  effect  of  the  complete 
residue  on  nitrification  was  overcome.  Only  after  195  days  did  the 
nitrate  content  of  the  treated  soil  approach  that  of  the  untreated. 
It  should  also  be  noted  that  the  depressing  effect  of  stubble  aione 
was  not  as  pronounced  as  where  the  complete  residue  was  returned. 

*11  grams  of  straw,  IR  lbs.  soil. 

**22  grams  of  straw,  16  lbs.  soil. 
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Fig.  17.  A  graphic  representation  of  data  in  Table  16. 
showing  tlte  depressing  effect  of  straw  applications  to  the  soil 
on  nitrate  accumulation.  The  figure  also  shows  that  time 
is  an  important  factor  In  overcoming  such  depressing  effect 
and  thus  emphasizes  the  fact  that  small  grain  should  not  be 
seeded  the  same  season  that  straw  is  applied. 
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TABI^   17. — EFFECT  OF  STRAW  APPLICATION  TO  THE  SOIL 

ON  THE  YIELD  OF  THE  IMKfP^DUTELV  SUCCEEDING 
WHEAT  CROP 

Yield  io  Field Yield  In  2-6al.  Pots      

Bub.  I  Om. 

Check 28.95      Check 2.16 

Strav,   1^    toDS  per  A...24.60|      11  gm.  of  strav,  per  pot.  .1.01 

The  data  in  Table  18  indicate  that  when  the  straw  was  ap- 
plied alone  or  when  suppleemnted  with  vetch  in  small  amounts 
there  was  not  only  a  slow  development  of  nitrates  (15)  but 
actually  a  loss  of  the  nitrates  originally  present.  There  was 
no  indication  that  this  depressing  effect  was  overcome  until 
104  days  (Table  18)  after  the  application.  Where  larger 
amounts  of  vetch  were  applied  as  a  supplement,  this  depress- 
ing effect  was  not  so  pronounced  and  when  vetch  was  used 
alone,  nitrate  developmnt  was  actually  increased. 


Fig.  18.  Straw  nnd  stubbie  returned  to  the  soil  have  a  de- 
pressing effect  on  nltrlllcation  and  on  the  resulting  develop- 
ment of  the  wheat  plant  as  well  as  on  the  yield  produced. 
This  depressing  effect  can  be  overcome  by  limiting  the  amount 
of  straw  returned,  by  allowing  the  straw  to  decompoao  partly 
before  It  Is  returned  ,or  by  supplementing  the  straw  with 
(alfalfa)  a  high  nitrogen  carrying  material. 
X.  Check.  2.  Stubble  returned.  3.  Stubblea  and  straw  re- 
turned. 4.  Stubble  burned.  5.  Stubble  supplemented  with 
alfalfa  returned. 
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Fig.  19.  A  graphic  representation  of  data  In  Table  18, 
showing  nitrate-nitrogen  accumulation  as  affected  bf  the 
application  of  crop  residues  of  varying  nitrogen  content. 

This  shows  that  the  depressiDg  effect  on  nitrate  develop- 
ment and  therefore  on  the  resulting  yield  can  be  overcome 
(20)  by  supplementing  straw  with  the  proper  amounts  of 
high  nitrogen-carrying  crop  residues. 

The  amount  of  organic  decomposition  in  a  soil  can  be  meas- 
ured by  the  evolution  of  carbon  dioxide  and  the  changes  in 
the  nitrate  content.  In  Table  19,  39.25  per  cent  of  the  wheat 
straw  applied  is  carbon.  At  the  end  of  132  days,  which  covers 
about  the  length  of  time  that  conditions  are  favorable  for 
nitrification  in  the  field,  the  difference  in  the  amount  of  car- 
bon lost  as  carbon  dioxide  (30)  from  the  straw-treated  soil 
over  the  check  is  {1.501  gms.  minus  .493  gms.  equals  l.OOS 
gms.)  sufficient  to  account  for  praetieally  86  per  cent  of  the 
straw  applied. 

On  the  other  hand,  41  per  cent  of  the  vetch  applied  is  carbon 
and  at  the  end  of  the  same  period  the  difference  in  the  amount 
of  carbon  dioxide  from  the  vett-h-trcated  soil  over  the  check 
(1.004  gms.  minus  .493  gms.  equals  .511  gms.)  aeeounts  for 
only  41  per  cent  of  the  organic  matter  applied.  This,  together 
with  the  results  in  nitrate  development,  would  indicate  that 
when  a  crop  residue  containing  a  high  percentage  of  nitrogen 
is  applied,  the  kind  of  decomposition  (29)  that  takes  place 
does  not  go  through  to  completion  but  apparently  results  in 
the  accumulation  of  humified  organic  matter  in  the  soil.  The 
difference  in  decomposition  of  straw  as  compared  to  vetcl 
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TABLE   19. — THE  INFLUENtTE  OP  HIGH  NITROGEN-CARBYINO 

CROP  RESIDUE  USED  AS  SUPPLEMENTS  TO  STRAW  ON 

THE  AMOUNT  AND  KIND  OF  DECOMPOSITION 

IN  THE  SOIL  (lOOO  gllis.)  DURING  132  DAYS 


Check 

21^   gms. 

1  ^    gms. 

%   gma 


% 

% 

gms. 

p.p.m. 

.493 

s,  straw 

0 

gms 

vetch . 

.39.25 

.50 

1.501 

40.2 

vetch , 

.39.75 

1.37 

67.5 

1.  straw 

1>A 

vetch. 

.40.25 

2.25 

1.137 

92.0 

gms. 

vetch. 

.40.75 

3.16 

1.017 

118.8 

.   straw 

A 

ems. 

vetch. 

41.25 

4.00 

1.004 

m.o 

can  be  explained  on  the  basis  of  the  nitrogen- carbon  content 
of  the  materials.  The  former  contains  nitrogen  and  carbon 
in  the  ratio  of  about  1:78  while  in  the  latter  the  ratio  is  nar- 
rowed down  to  about  1:10.  "When  it  is  considered  that  the 
nitrogen-carbon  ratio  in  soil  organic  matter  varies  from  about 
1:9  to  (37)  1:13  (Table  4),  it  becomes  evident  that  most  of 
the  barbon  in  the  straw  must  be  lost  before  the  resulting  pro- 
duct will  ebcome  a  part  of  the  soil  organic  matter. 

It  is  an  establbhed  fact,  borne  out  by  results  in  Tables  13 
and  14,  that  the  gradual  destruction  of  organic  matter  in  the 
soil  as  a  result  of  tillage  results  in  a  more  rapid  loss  of  carbon 
than  of  nitrogen  and  therefore  makes  for  a  greater  concen- 
tration of  the  nitrogen  in  the  remaining  organic  matter.  In 
other  words  the  nitrogen-cnrboo  ratio  in  soils  becomes  grad- 
ually narrower  (37)  as  the  organic  matter  becomes  more  and 
more  depleted.  This  has  led  to  the  mistaken  belief  that  the 
organic  matter  in  soils  can  be  most  rapidly  increased  through 
the  use  of  a  crop  residue  like  straw  or  strawy  manure  having 
a  wide  nitrogen-carbon  ratio,  because  the  carbon  losses  had 
been  heavier  than  those  of  nitrogen.  Experimental  results, 
however,  are  consistent  with  experience  under  field  condi- 
tions. The  farmer  has  been  unable  to  influence  the  physical 
condition  of  his  soil  to  any  considerable  extent  through  the 
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HITROGSN    IN    RESIEtlE 

iHi.c.cKs.  assanofX.  p.pm. 

Fig.  20.  A  graphic  representation  o(  data  in  Table  19, 
showing  the  carbon  dioxide  evolution  and  nitrate-nitrogen 
accumulation  In  soil  aa  affected  by  the  application  ot  resi- 
dues varying  in  nitrogen  content.  Note  the  heavy  losaes 
ot  carbon  in  cases  where  low  nitrogen-containing  residues 
were  applied. 
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application  of  straw  or  strawy  manure  in  moderate  amounts 
due  to  the  fact  that  practically  no  humus  was  developed.  In 
contrast  to  this,  the  growing  of  a  legume  crop  for  only  a  few 
years  will  generally  benefit  the  physical  condition  of  the 
soil,  so  decidedly  that  its  effects  are  felt  for  several  years. 

The  results  in  Tables  15  and  16  show  also  that  the  presence 
of  straw  inhibits  nitrate  accumulation  and  that  this  inhibi- 
tion can  be  overcome  by  supplementing  the  straw  with  vetch, 
a  material  high-  in  nitrogen. 

The  amount  of  high  nitrogen  containing  crop  residue  that 
needs  to  be  used  as  a  supplement  to  straw  may  vary  for  the 
same  soil  under  different  seasonal  conditions.  But  for  the 
purpose  of  continuous  cropping,  in  this  case  at  least,  it  ap- 
pears that  the  material  applied  should  contain  not  less  than 
2.25  per  cent  of  nitrogen  {Tables  18  and  19)  before  very  much 
humus  will  be  formed  and  in  order  that  the  depressing  effect 
of  the  straw  no  nitrate  accumulation  may  be  entirely  over- 
come during  one  growing  season. 

When  crop  residues  or  stawy  manures  which  have  a  low 
nitrogen  content  are  to  be  returned  to  the  soil  they  must  either 
be  allowed  to  decay  partly  in  the  pile,  or  otherwise  he  supple- 
mented by  a  high  nitrogen-containing  residue  in  order  that 
the  percentage  of  nitrogen  in  the  resulting  material  may  reach 
the  point  where  the  desired  nitrification  for  successful  crop 
production  will  take  place.  If  this  is  not  done,  summer-fal- 
lowing must  be  practiced,  in  which  case  there  is  practically 
no  accumulation  of  organic  matter  and  consequently  no  bene- 
fit to  the  soil.  It  is  very  apparent  that  soil  organic  matter 
{^annot  be  maintained  to  any  considerable  extent  under  these 
climatic  conditions,  through  the  use  of  straw.  This  is  espe- 
cially true  if  straw  is  used  on  soils  already  low  in  active  or- 
ganic matter.  The  benefits  derived  from  the  amount  of  nitro- 
gen returned  in  the  straw,  which  has  been  found  to  be  equiva- 
lent to  about  10  pounds  per  ton  of  material,  are  more  than 
overcome  by  the  loss  through  soil  leaching  as  a  result  of  this 
summer-fallow  tillage.  These  losses  have  been  calculated  to 
run  as  high  as  18  pounds  of  nitrogen  per  acre  annually. 
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Organic  Hatter  Maintenance  Throuffh  Use  of  Hannre. 

On  experimental  plots,  on  the  atation  farm,  where  eompost- 

ed  manure  of  a  high  grade  was  used  for  eighteen  years  {Table 

20)   in  heavy  applications   (ten  tODs  per  acre  annually)   the 

carbon  and  nitrogen  content  of  the  soil  was  maintained. 

TABLE    ao. — EFPEOr    OF    HAKTUBE!    APPLICATIONS    ON    THE 

NITROGEN  AND  CARBON  CONTKNT  OF  PALOUSE 

SILT  LOAM.     EIGHT1<:EN  YEARS  R£:SI;lTS 

Treatment  Nitrogen        Carbon  Ratio 

(N)  (C)  (N-C) 

%  % 

10   tons  plowed  under  each  tall  and 

cropped  to  winter  wheat  annually     .207  2.64  1-12.7 

10   tons  plowed  under  each  spring  and 

cropped  to  spring  wheat  annually      ,1B3  2.08  1-11.3 

No  manure,  continuous  winter  wheat      .126  1.45  1-11.5 

10   tons   plowed    under    in    spring    ot 

summer-fBllow        year,        winter 

wheat  every  other  year 143  1.87  1-13.2 

10   tons    top    dressed    In    spring    on 

summer-fallow,       winter      wheat 

every  other  year 178  1.90  1-10.8 

10  tons  top  dressed  In  tall  on  sum- 
mer-fallow   winter    wheat    every 

other  year    126  1.38  1-10.9 

No  manure,  winter  wheat  alternated 

with  summer-tallow 127  1.38  1-10.8 

Virgin  soil    202  2.59  1-12.8 

These  results,  although  interesting  from  an  experimental 
standpoint,  require  manure  in  such  enormous  amoimts  that 
the  practice  cannot  be  recommended.  It  should  be  borne  in 
mind  also  that  the  kind  of  manure  used  here  contains  between 
2Y2  and  .1  per  cent  of  nitrogen  on  a  dry  basis, — thus 
making  it  comparable  in  composition  to  legume  residues  from 
which  similar  results  were  obtained  in  the  plant  house. 
(Tables  18  and  19). 
Orgamc  Hatter  Hiuntenance  Affected  by  Soil  Composition 
~Wben  soils  are  still  fairly  well  supplied  with  humus,  and 
therefore  high  in  their  nitrogen  content,  as  is  true  on  the 
north  slopes  (11)  and  for  all  virgin  soils,  the  low  nitrogen 
containing  residues  like  straw  can  be  utilized  with  less  diffi- 
culty.    (Table  21). 
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Fig.  21.  A  graphic  representation  of  data  In  Table  21, 
showing  the  nitrate-nitrogen  accumulation  In  Falouee  allt 
loam  aa  affected  by  high  and  low  nitrogen  content  of  the  boU. 

No  doubt  the  large  amount  of  readily  Ditrifiable  material 
still  present  on  the  north  slope  has  here  the  same  beneficial 
effect  on  the  decomposition  as  would  have  been  obtained  if 
the  straw  had  been  supplemented  with  a  high  nitrogen-con- 
taining residue  and  applied  to  hill  top  soil. 

Soils  still  high  in  Iheir  nitrogen  content  and  consequently 
having  a  wide  nitrogen-carbon  ratio  like  those  found  on  the 
Dorth  slopes  can  utilize  straw  or  crop  residues  having  a  low 
nitrogen  content  to  ranch  better  advantage  than  soils  from 
the  hill  tops  where  this  ratio  is  narrower.  Organic  matter 
applied  to  hill  tops  to  improve  their  physical  condition  should 
have  a  high  nitrogen  content.  Well-rotted  manure  should  be 
itsed  here,  while  on  the  north  slopes,  which  are  still  high  in 
organic  matter,  straw  may  still  be  utilized.  In  extreme  cases 
it  may  even  be  justifiable  to  increase  the  nitrogen  content 
of  soils  through  the  use  of  commercial  fertilizers  (28)  in  order 
that  straw  may  be  returned  to  good  advantage.  All  experi- 
mental data  as  well  as  results  from  farm  experience  point  to 
one  conclusion.  It  becomes  increasingly  more  difficult  to 
maintain  the  nitrogen  and  organic  matter  in  the  soil  as  the 
BOil  becomes  more  and  more  depleted  of  its  virgin  nitrogen 
and  organic  matter.  These  can  be  maintained  and  provision 
should  be  made  for  such  maintenance  at  this  time. 
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Organic  Matter  Haintenance  Through  Use  of  Legnmes. 

The  amouDt  of  manure  produced  per  farm  in  this  region  is 
very  limited  and  of  poor  quality,  and  the  difficulties  experi- 
enced in  returning  straw  are  so  pronounced  that  over  90  per 
cent  of  the  area  must  depend  on  some  other  means  for  main- 
taining the  organic  matter. 

It  has  been  shown  that  the  summer-fallow  system  exhausts 
the  soil  and  therefore  can  not  be  depended  upon  to  maintain 
yields.  A  crop  that  can  be  substituted  satisfactorily  for  sum- 
mer-fallow should  tend  to  maintain  the  soil  productivity; 
should  assure  a  satisfactory  yield  of  the  succeeding  crop ;  and 
should  produce  a  profitable  yield  itself. 

The  data  obtained  where  legumes  were  grown,  as  contrasted 
to  clean  cultivation  (Table  22)  show  that  these  crops  tend 
to  maintain  tbe  nitrogen  and  organic  carbon  (38)  in  the  soiL 


Depth  oE 
Sample 

Location 

Treatment          Nitrogen 

Organic 
Carbon 

Pt. 
i 

4 

Pullman 
Pullman 

Orctiad    sioH,    clean 
cultivated    18    yra.. 
and  aUalla  12  yra. 
Control,    clean  cul- 
tivated 30  yra. 

% 

.081 
.042 

.872 
.429 

Difference 

3 
3 

Pullman 
Pullman 

Orchard  soli,  clean 
cultivated    27    yrs.. 
Vetch  3  yrs. 
Control    clean    cul- 
cultivated  30  yra. 

.091 

.082 

1.02 
.80 

Difference 

Pullman  Wheat 

Summer-Iallow  13  yrs., 
Airalta  9  yrs.  .2188 

Pullman  Wheat  20  yrs., 

Summer-fallow 

20  yrs.  .1675 


Difference  .0513 


In  the  orchard  only  the  first  cutting  of  alfalfa  and  none 
of  the  vetch  was  harvested.  On  the  wheat  land  the  alfalfa 
was  all  harvested  as  hay.    It  should  be  noted  that  the  bene- 
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ficial  effect  was  very  pronouDced  in  all  cases  where  legumes 
were  grown, 

TABLE   2S. — PEAS   COMPAKEl)    WITH   SCMMER-FAIJX>W   AND 

WITH  WHEAT  IN  THEIB  EFFECT  ON  THE 

SUCCEEDING  WHEAT  CROP 

(it  yrnrs  ATerafce) 

'              "                   '                           1912       ~Wr*         1916  Average 

~  "             "        Bu,           Bu.           Bu.  Bu. 

Early  fallow 26.1          60.3          47.6  41.3 

Late   tallow    37.2          37.5          31.6  32.1 

Wheat   continuously     21.4           20.2           20.5  20.7 

Peas 35.0           33.7           47.0  38.6 


Tig.  22.     Continuous  cropping  is  profitable  wlien  legumes 
are  grown  In  rotation  with  small  grain. 

1.  Continuous  wheat,  yield  20.5  bu.  per  acre. 

2.  Wheat  following  peas,  yield  47,0  bu.  per  acre. 

3.  Disked   early   spring  nnd    plowed    late   spring    (average 
BUmmer-tallow),  31.5  bu.  per  acre. 

Although  the  early  fallow  prodin^es  better  yields  thaa  the 
land  cropped  to  peas,  nevertheless,  due  to  a  lack  of  time  for 
this  kind  of  tillage  in  lliu'  spring  season,  the  average  farmer 
cannot  complete  his  plowing  until  bo  late  that  the  fallow  eon- 
(litioiiK  approach  more  nearly  what  is  here  indicated  as  late 
f&llow.  It  is  safe  to  conclude,  therefore,  that  this  entire  sec- 
tion will  produce  a  better  crop  (16)  following  a  legume,  like 
peas,  (27)  than  following  the  average  suramer-fallow. 

Eventually  as  soils  become  more  and  more  depleted  as  a 
result  of  the  summer-fallow  tillage,  what  is  now  considered 
average  summer-fallow  will  no  longer  produce  as  satisfactory 
yields.  The  selection  of  a  proper  legume  from  the  standpoint 
of  a  profitable  crop  can  be  made  from  the  following:  alfalfa 
(35),  sweet  clover,  red  clover,  peas,  (32),  and  vetch.  All  of 
these  may  be  grown  successfully,  the  choice  depending  upon 
the  manner  of  utilizing  the  crop  as  well  as  on  its  better  adapt- 
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ability  to  soil,  climatic;  and  topographical   variations  within 
this  area. 

In  a  location  where  the  rainfall  is  more  UmitL'd,  and  the  crop 
ia  to  be  consumed  on  the  farm  either  as  pasture  or  hay,  sweet 
clover  may  be  more  satisfactory  than  red  clover.  Where  the 
rainfall  is  heavier  alfalfa  and  red  clover  possibly  should  have 
first  consideration.  Alfalfa  is  best  suited  for  market  hay  pro- 
duction while  red  clover  (Uri)  is  preferred  from  the  standpoint 
of  a  more  satisfactory  rotation  crop.  Peas,  although  especially 
well  adapted  as  a  seed  crop  to  certain  localized  areas,  in  gen- 
eral have  their  greatest  possibilities  when  used  as  a  nurse  crop 
for  other  legumes.  Experience  has  shown  that  the  cereals  can- 
not be  used  successfully  as  a  nurse  crop  because  of  the  extreme- 
ly dry  dimale  during  the  latter  portion  of  the  growing  s 


Fig.  23.     Alfalfa  and  other  legumes  can  be  grown  s 
luUy.     Most  of  ihls  alfalfa  field  produced  at  the  rate  of  tour 
tons  of  high  grade  hay  per  acre  In  the  first  cutting. 

Peas  rarely  fail  in  this  respect.  Good  stands  of  the  legumes  on 
the  rotation  plots,  especially  of  alfalfa  and  sweet  clover  were 
just  as  sure  when  seeded  with  peas  as  a  nurse  crop  as  when 
seeded  alone.  In  extremely  dry  seasons  it  may  become  neces- 
sary to  harvsst  the  pea  nurse  crop  earlier  and  utilize  it  for  hay, 
a  purpose  for  which  it  is  excellently  adapted,  in  order  that  the 
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new  seeding  may  not  be  caused  to  suffer  unnecessarily.  Veteh 
although  satisfactory  from  the  standpoint  of  maintaining  soil 
nitrogen  and  assuring  a  profitable  succeeding  crop,  is  handi- 
capped in  that  it  readily  tends  to  become  a  weed  and  that  it 
is  not  a  profitable  crop  in  itself. 

Although  the  legumes  listed  above  are  all  well  adapted  to 
the  climatic  conditions  existing  here,  it  is  very  apparent  that 
the  soil  conditions  offer  decided  limitations  when  these  crops 
are  first  introduced.  These  limitations  will  become  more  pro- 
nounced as  the  introduction  of  legumes  is  delayed  and  the  soil 
organic  matter  becomes  more  depleted.  Best  yields  cannot  be 
obtained  from  alfiilfa,  sweet  clover,  and  red  clover,  under  aver- 
age seasonal  conditions  unless  the  soil  has  been  treated  with 
sulphur,  used  either  in  the  form  of  gypsum  or  sulphur  flour. 
Jf  these  materials  are  applied  at  the  time  when  the  legume  is 
first  seeded,  pronounced  increases  in  yield,  frequently  as  high 
(IS  200  per  cent  are  immediately  obtained. 

It  is  very  evident  that  sulphur  has  a  residual  effect  which 
produces  satisfactory  results  for  at  least  three  years. 

In  the  case  where  clover  was  grown  in  the  plant  house  there 
was  a  decided  increa.''e  not  only  in  yield  but  also  in  the  nitrog^'n 
content  of  the  hay  produced  in  every  case  where  the  soil  was 
treated  with  a  compound  containing  sulphur.  In  contrast,  a 
non-legume  did  not  respond  to  sulphur  applications  but  like 
wheat,  made  its  best  yield  and  produced  grain  of  higher  nitro- 
gent  content  where  nitrates  were  applied. 

While  the  latter  emphasizes  the  fact  that  soil  nitrogen  and 
not  sulphur  is  limiting  production  the  former  indicates  that 
sulphur  used  on  legumes  has  a  stimulating  effect  on  factors  in 
the  soil  that  are  active  in  supplying  8uch  crops  with  more  nitro- 
gen and  in  getting  the  plant  well  established. 

Soil  stimulants,  in  general,  should  be  introduced  with  care, 
because  frequently  their  use  produces  increases  in  yield  at  the 
expense  of  permanent  agriculture.  This  is  especially  true  in 
regions  where  these  stimulants  are  applied  to  make  soil  plant 
food  available  and  where  the  rainfall  is  sufficiently  heavy  to 
cause  leaching.  In  Eastern  Washington,  however,  where  gyp- 
sum is  recommended  to  make  profitable  the  growing  of  legumes 
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TABLE  24. — EFFECT  OF  200  liBS.  OF  GVPSUM  FBK  ACRE  ON 

THE  VIELI>  OP  ALFALFA  HAV  (10';^  Mcrfsture)  THE 

THIRIJ  YEAR  AFTER  APPLICATION 

FIrat  cutting      Second  cutting      Anpual  yield 
"  "  "  Tons  Tons  Tons 

Check 1.R84      ,  .535  2.119 

Gypsum    4.400  1.855  6.255 

Percentage  Increase    195.1 


Fig.  24.  yield  of  alfalfa  the  thirrt  year  after  gypsum  was 
applied  at  the  rate  of  2i)0  pounds  per  aure. 

F[rst  cutting  (above)  treated  4.400  tons  per  acre,  untreated 
1,584  tons  per  acre. 

Second  cutting  (below)  treated  1.S55  tons  per  acre,  un- 
treated .535  tons  per  acre. 


and  thus  leads  the  way  to  a  continuous  system  of  cropping  un- 
der conditions  where  leai'hing  is  impossible  and  where  the  pres- 
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ent  limiting  factor,  nitrogen,  is  overcome,  there  can  be  nolhing 
but  benefit  derived  from  the  use  of  sulphur  in  some  form.  Al- 
though experimental  results  are  not  available  it  is  entirely  pos- 
sible that  the  initial  application  of  sulphur  may  be  sufficiently 
permanent  in  its  desirable  effect  on  legume  culture  to  make 
all  future  applications  unnecessary. 

HANAOEHENT  07  LEQUUZ  SOD 

That  the  soil  nitrogen  can  be  maintained  (Table  22}  through 
the  introduction  of  satisfactory  legumes  in  a  rotation  system, 
that  such  legumes  provide  the  conditions  essential  for  a  satis- 
factory (Table  2'i)  succeeding  crop,  and  that  they  are  a  success- 
ful crop  in  them.seives  (Table  24)  has  been  shown.  Rotation 
systems  in  general  provide  for  Ihe  growing  of  an  intertilled 
crop  like  corn  or  potatoes  following  the  legumes  because  these 
crops  have  the  adaptability  to  adjust  themselves  to  best  advant- 
age to  the  large  amounts  of  nitrogen  made  available  by  the  till- 
age practiced.  The  conservation  of  moisture  sear  the  surface  nf 
the  soil  affected  by  the  intertillage  required  by  these  crops 
results  in  an  excessive  nitrate  (21)  (22)  development.  In  re- 
gions where  com  is  climatically  well  adapted  and  draws  heavily 
on  the  soil  nitrates  and  where  the  rainfall  is  sufficiently  heavy 
to  cause  soil  leaching,  a  high  percentage  of  these  nitrates  are 
removed.  This  makes  it  comparatively  safe  to  grow  a  grain 
crop  succeeding  the  intertilled  crop  without  danger  of 
lodging.  In  this  region,  however,  the  rainfall  is  so 
limited  that  there  is  no  soil  leaching  where  a  system 
of  continuous  cropping  is  practiced.  The  result  is  that 
the  nitrates  developed,  in  excess  of  those  that  have  been 
used  by  the  intertilled  crop,  are  carried  over  in  the  soil,  and 
lodging  or  "burning"  of  the  succeeding  grain  crop  is  almost 
sure  to  follow.  If  legumes  are  grown  in  sufficient  acreage  to 
maintain  the  soil  nitrogen  supply  on  the  farm,  they  are  followed 
to  best  advantage  by  either  spring  or  winter  grain,  for  the 
reasons  that  lodging  and  "burning"  can  be  more  early  con- 
trolled. Besides  this,  the  small  grains  are  so  well  adapted  to 
both  climate  and  topography  that  there  should  be  no  attempt 
to  displace  them  by  any  intertilled  crop, 
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Fig.  25.  The  high  nitrate  content  commonly  found  in 
alfalfa  land  soils  when  theae  are  first  broken  up  tends  to 
promote  excessive  tillering  and  luxurant  development  ot  the 
wtieat  plant,  which  may  result  In  "burning"  or  lodging.  An 
application  ot  straw  to  such  aolle  will  check  nitrate  develop- 
ment and  thus  largely  eliminate  such  difficulty. 
1.  Check.  2.  Stubble  returned.  3.  Alfalfa  soil  untreated. 
4.  Alfalfa  soil  treated  with  straw. 

There  are  occasional  seasons,  however,  when  conditioDs  are 
exceedingly  favorable  for  organic  decomposition  or  nitrifica- 
tion (i'i)  (2.'i)  because  of  the  early  fall  and  late  spring  rains. 
It  is  then  that  small  grain  immediately  following  a  legume  crop 
will  also  tend  to  ''hnrn"  or  lodge,  because  of  the  exces-sivc 
nitrate  content  {19)  of  the  soil  during  the  tillering  stage.  This 
has  been  one  of  the  draw-backs  to  the  displacing  of  summer- 
fallow  with  a  system  of  continuous  cropping  including  a  legume. 
To  ju.stify  the  general  adoption  of  such  a  system  it  must  at- 
tempt to  regulate  the  nitrate  development  so  that  there  is  no 
danger  of  such  lo.sses  in  yield. 

T'nder  the  heading  of  "Organic  Matter  Maintenace  through 
tlio  L'se  of  Siraw"  it  was  pointed  out  that  whenever  straw  was 
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added  to  the  soil  there  was  an  immediate  depression  in  nitrate 
accumulation.    The  data  presented  in  Table  25  shows  that  the 


20  gms.  atraw 

11.3 

20.8 

9.3 

Allalta  land  soil    

Alfalfa  land  soil 

43.4 

WHEXr  LAND  AUSMJA  LAND 

SOll^  S01I_ 

^  CHECK.     SZaSTSlKV 


Fig.  26.  A  graphic  representa- 
tion ot  data  In  Table  2&.  Bhowlng 
the  accumulation  ot  nitrate- nitro- 
gen In  p. p.m.  as  aMected  b]^  ap- 
plications of  fltrav  on  wheat  and 
alfalCa  land  solle.  Note  the  de- 
pressing effect  of  straw  which 
may  serve  advantageously  in  con- 
trolling excessive  nitrate  accumu- 
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iiitrate  accuQii]]ation  on  straw-treated  alfalfa  field  soil  was  held 
down  to  where  it  compared  favorably  with  the  nitrates  fouad 
under  good  summer -fallow  conditions  on  untreated  wheat  field 
soil.  The  nitrates  present  in  each  case  were  sufficient  to  satisfy 
the  demands  of  a  good  crop  and  still  not  so  high  as  to  cause 
the  excessive  tillering  previously  discussed. 

The  results  here  are  consistent  with  field  experience.  Where 
straw  is  applied  to  alfalfa  field  soil  in  preparing  it  for  the  first 
crop  of  grain,  the  tillering  can  be  kept  within  those  limits  where 
lodging  or  "burning"  will  he  avoided.  Experimental  data  from 
field  plots,  although  limited,  show  that  straw  used  at  the  rate 
of  about  one  and  a  half  tons  per  acre  will  affect  this  control. 
Besides  this  there  are  indications  of  other  benefits  derived 
from  the  use  of  straw  which  are  less  apparent  but  equally  im- 
portant. Some  of  these  are:  (1)  it  distributes  the  beneficial 
residual  effect  resulting  from  the  growing  of  legumes;  (2)  it 
causes  a  decomposition  that  is  more  effective  from  the  stand- 
point of  the  maintenaee  of  organic  matter  in  the  soil,  and  (3) 
it  offers  an  opportunity  for  the  return  to  the  soil  of  the  plant 
food  contained  in  the  straw  without  causing  any  depressing 
effect  on  the  yield  of  the  following  grain  crop, 

CROP  ROTATION 

The  introduction  of  a  crop  rotation  system  is  impracticable 
except  under  conditions  where  the  precipitation  is  sufficient 
to  grow  profitable  crops  (23)  annually.  Experiences  as  well  as 
experimental  data  on  water  requirements  of  plants  (41)  indi- 
cates that  continuous  cropping  is  impossible  in  that  portion  of 
Eastern  Washington  receiving  less  than  18  inches  (7)  of  pre- 
cipitation  annually.  This  area,  therefore,  must  depend  on  a 
summer-fallow  system  such  as  is  discussed  under  the  heading, 
"Effective  Summer-Fallow,"  and  also  covered  in  more  detail 
in  Bulletin  164  of  the  Washington  Experiment  Station.  At  pres- 
ent there  is  no  known  means  of  profitably  maintaining  the 
soil  fertility  and  the  region  is  confronted  with  a  gradual  re- 
cline in  yield  consistent  with  soil  depletion.    This  decline  will 
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continue  until  a  stage  is  reached  where  the  nitrogen  available 
for  crop  production  is  equivalent  to  that  supplied  by  free  fixa- 
tion and  carried  down  by  precipitation. 

Where  the  annual  precipitation  exceeds  eighteen  inches,  crop 
rotations  are  possible.  The  rotation  selected,  besides  mcluding 
crops  that  can  be  grown  at  a  profit,  and  that  are  adapted  to 
climate  and  topography,  must  provide  for  the  maintenance  of 
the  soil's  nitrogen  supply.  The  small  grains,  especially  wheat, 
barley  and  oats,  satisfy  all  but  the  latter  requirement  and  this 
was  a  matter  of  small  concern  in  the  past  when  the  soil  was  still 
well  supplied  with  virgin  plant  food.  This  requirement  now, 
however,  has  become  the  limiting  factor  in  the  production  of 
small  grains,  and  the  growing  of  legumes  is  a  necessity.  It  has 
been  show  that  alfalfa,  sweet  clover,  red  clover,  and  peas  are 
well  adapted  and  profitable  and  therefore,  should  be  fitted 
into  a  rotation  with  sufficient  prominence  to  displace  summer- 
fallow.  The  organic  matter  incorporated  in  the  soil  as  the  re- 
sult of  growing  legume  crops  is  very  active  in  that  it  decom- 
poses readily  and  furnishes  an  adequate  nitrate  supply  (32) 
for  the  succeeding  wheat  crop.  This  cropping  plan,  if  followed, 
will  maintain  the  acreage  at  present  devoted  to  small  grain 
and  at  the  same  time  produce  a  higher  yield  and  better  quality 
of  product.  Natural  variations  within  the  area  as  well  as 
individual  preference  make  it  inadvisable  if  not  impossible  to 
recommend  a  rotation  system  that  can  be  generally  followed. 

Be  the  selection  of  crops  what  it  may  as  regards  kinds  and 
varieties  of  small  grains  and  legumes,  the  following  points 
should  he  borne  in  mind. 

Small  grain  should  be  grown  about  50  per  cent  of  the  time. 

Alfalfa  should  ordinarily  not  be  grown  for  more  than  about 
five  successive  years  in  order  to  build  up  the  soil  sufficiently 
to  make  it  possible  to  grow  five  consecutive  crops  of  small 
grains.  The  basis  for  this  is  the  generally  accepted  fact  that 
the  amount  of  nitrogen  fixed  annually  by  a  legume  becomes 
less  the  longer  the  land  is  devoted  to  such  crop. 

The  hill  toj)s  are  in  greater  need  of  the  benefits  derived  from 
legumes  than  the  slopes. 
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Red  clover  and  sweet  clover  are  better  suited  to  short  mtsi- 
lioiia  than  alfalfa. 

Peas  although  exceptionally  well  adapted  to  some  localitioi 
have  their  greatest  value  in  general  as  a  nurse  crop  for  other 
legumes. 

The  desirable  physical  condition  of  the  soil  resulting  from 
the  growing  of  legumes  will  make  unnecessary  much  of  the  till- 
age ordinarily  required  in  the  preparation  of  a  seed  bed  for 
small  grain.  In  the  ease  of  alfalfa,  for  instance,  it  is  probable 
that  disking  may  be  substituted  for  plowing  for  the  first  few 
years  after  the  sod  has  been  broken. 

If  intertilled  crops  like  com  or  potatoes  are  to  be  introduced 
lliey  should  not  immediately  follow  the  legume. 

Legumes,  due  to  the  fact  that  they  need  inoculation,  rarely 
produce  maximum  returns  the  first  time  they  appear  in  the 
rotation. 

Sulphur  either  in  the  form  of  gypsum  or  elemental  sulphur 
should  be  applied  when  legumes  are  seeded  for  the  first  time. 
This  applies  especially  to  alfalfa,  sweet  clover  and  red  clover. 

SBAINAOE 

Many  of  the  valleys,  so  numerous  in  this  region,  are  very 
poorly  drained,  causing  them  to  be  left  in  permaneot  meadow. 
These  low  lands,  which  are  unquestionably  the  most  fertile  in 
the  entire  area,  not  only  produce  unprofitable  crops  but  inter- 
fere very  decidedly  with  field  operation.  All  these  valleys  have 
a  well  defined  course  and  outlet  and  can  be  artificially  drained 
without  difficulty. 

The  natural  increase  in  the  value  of  land  augmented  by  the 
greater  producing  power  of  the  soil  resulting  from  the  rota- 
tions recommended  focuses  attention  on  the  reclamation  of 
these  low  lands. 

SUMMARY  AND  CONCLUSIONS 

All  conclusions  reached  here  regarding  tillage,  and  utiliza- 
tion of  straw  and  manure  apply  to  silt  loam  soils  of  Eastern 
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Washington  receiving  more  tlian  fifteen  inehes  of  precipitation 
per  aoDiim,  but  those  conclusions  pertaining  to  continuous 
cropping  and  the  growing  of  legumes  apply  only  to  that  por- 
tion of  the  area  receiving  more  than  eighteen  inehes, 

1.  Practically  all  the  precipitation  comes  in  the  form  of 
gentle  rains  during  the  fall,  winter  and  the  early  spring. 

2.  The  relative  humidity  during  the  growing  season  is  very 
low,  thus  causing  excessive  evaporation  and  decided  ranges  in 
clay  and  night  temperature, 

3.  Palouse  silt  loams  are  fertile  as  compared  to  many  of  the 
1  epresentative  ailt  loam  soils  in  the  United  States. 

4.  Small  grain  {wheat,  barley  and  oats)  with  the  land  in 
summer-fallow  every  second  or  third  year,  constitutes  the  crop- 
ping system  generally  practiced. 

5.  Available  nitrogen  and  not  moisture  is  the  limiting  factor 
in  crop  production, 

f).  Summer-fallow  tillage  is  practiced  to  make  nitrogen  avail- 
able for  the  next  crop. 

7.  The  most  effective  summer-fallow  tillage  is  that  which 
keeps  the  highest  amount  of  moisture  in  the  surface  foot  of 
soil  for  the  greatest  length  of  time  during  the  summer-fallow 
year. 

8.  The  tillage  subsequent  to  spring  plowing  and  harrowing 
on  summer-fallow  should  be  of  such  nature  and  frequency  as  to 
control  weed  growth  most  economically. 

9.  Corn  or  any  other  intertilled  crop,  when  substituted  for 
summer-fallow,  does  not  materially  reduce  the  yield  of  the 
succeeding  grain  crop. 

10.  The  amount  of  tillering  of  small  grain  is  directly  affet'ted 
by  the  amount  of  nitrate  nitrogen  in  the  surface  soil  during 
the  tillering  stage. 

11.  The  rate  of  seeding  winter  grain  should  be  influenced 
by  the  nitrate  content  of  the  soil  and  the  time  available  for 
tillering,  a  high  nitrate  content  and  early  seeding  requiring  a 
lessor  rate. 

12.  Lodging  and  "burning"  of  winter  wheat  can  in  part  be 
controlled  by  a  lighter  rate  of  seeding. 
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18.  The  value  oi  summer-fallow  tillage  is  most  pronounced 
when  winter  grain  is  seeded  sufficiently  early  to  allow  time 
for  tillering. 

14.  The  quality  of  wheat  is  directly  affected  by  the  nitrate 
content  of  the  soil,  irrespective  of  variety, 

15,  During  thirty-nine  years  of  cropping  22.1  per  cent  of 
the  nitrogen  and  34.5  per  cent  of  the  organic  matter  has  been 
lost  from  the  soil. 

■  16.     The  loss  of  nitrogen  from  the  soil  is  not  nearly  all  ac- 
counted for  in  the  crops  removed. 

17.  The  moisture  conserved  by  summer-fallowing  has  been 
sufficient  to  make  soil  leaching  possible,  which  resulted  in  the 
loss  of  large  amounts  of  plant  food. 

18.  The  dry  summers  make  it  difficult  for  straw  or  other 
low  nitrogen -containing  organic  materials  to  decompose  in  the 
soil  unless  summer-fallowing  is  practiced. 

19.  The  rapid  destruction  of  soil  organic  matter  affected 
by  summer-fallow  tillage  is  producing  a  poor  physical  condi- 
tion of  the  soil, 

20.  The  return  of  straw  to  the  soil  has  a  depressing  effect 
on  nitrate  accumulation  and  consequently  on  yield. 

21.  The  depressing  effect  of  straw  and  other  crop  residues 
is  most  pronounced  when  the  nitrogen  content  of  such  materi- 
als is  less  than  2.25  per  cent. 

22.  The  depressing  effect  on  nitrate  accumulation  is  most 
pronounced  on  soils  low  in  nitrogen  and  organic  matter, 

23.  Fresh  strawy  manure,  when  applied  to  the  soil,  has  prac- 
tically the  same  depressing  effect  on  nitrate  accumulation  as 
straw. 

24.  The  amount  of  nitrates  accumulated  in  the  soil,  when 
residues  are  applied,  is  dependent  upon  the  nitrogen  content 
of  the  residue,  the  nitrogen  content  of  the  soil  and  the  time 
available  for  nitrification. 

25.  Soil  organic  matter  can  not  be  as  rapidly  increased  by 
the  addition  of  low  nitrogen-carrying  residues,  as  by  those 
materials  that  have  a  higher  nitrogen  content, 
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2t).  Straw  and  strawy  manure  in  themselves  are  limited  in 
their  value  for  organic  matter  mfiintenauce.  The  amount 
of  manure  produced  in  the  region,  even  if  conserved,  is  at  pres- 
ent so  limited  that  it  plays  an  insignificant  part  in  the  main- 
tenance of  soil  fertility  and  organic  matter. 

27.  The  difficulty  of  maintaining  the  soil  organic  matter 
becomes  more  pronounced  as  the  soils  become  more  depleted. 

2S.  Legume  crops  tend  to  maintain  the  soil  nitrogen  and 
organic  matter. 

29.  Alfalfa,  red  clover  and  sweet  clover,  peas  and  vetch  are 
legumes  that  can  be  grown  successfully. 

30.  A  legume  crop  introduced  in  place  of  a  summer-fallow 
will  benefit  the  succeeding  grain  crop  as  much  as  average  sum- 
mer-fallow tillage. 

31.  Peas  are  an  excellent  nurse  crop  for  alfalfa,  red  clover, 
and  sweet  clover. 

32.  Legumes,  especially  alfalfa,  red  clover  and  swetit  clover, 
when  first  introduced,  will  respond  to  a  soil  treatment  with 
gypsum  or  elemental  sulphur  and  such  treatment  is  recom- 
mended. 

33.  Summer-fallow  is  unnecessary  where  the  annual  rainfall 
in  18  inches  or  above  provided  legumes  or  intertilled  crops  are 
grown  in  rotation. 

34.  To  avoid  danger  of  lodging  or  "burning"  of  a  grain 
crop  when  grown  on  a  legume  sod,  straw  should  be  applied 
when  the  sod  is  firat  plow«d  up. 

HB'.  Legumes  should  be  followed  by  small  grain  in  prefer- 
ence to  an  intertilled  crop  in  the  rotation  system. 

36.  Under  a  continuous  cropping  system  small  grain  due 
to  its  excellent  adaptation  should  be  grown  about  50  per  cent 
of  the  time. 

37.  No  continuous  cropping  system  can  be  recommended 
for  that  portion  of  the  area  where  the  annual  precipitation  is 
less  than  18  inches. 

38.  Land  drainage  is  badly  needed  in  many  of  the  valleys 
and  should  receive  foremost  consideration. 
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Barbee. 

160  Cultural  Experiments  with  Wheat,  by  E.  G,  Schafer,  B,   F. 
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Pullman,  Wasliington, 

January   15,   1922. 
Honorable  Louis  F.  Hart,  Governor, 

Olympia,   Wash. 
Sir:— 

Pursuant  to  the  act  of  Congress,  March  2,  1887,  relating 
to  the  establishment  of  agricultural  experiment  stations.  I 
have  the  honor  to  transmit  herewith  a  report  of  the  activi- 
ties of  the  Washington  Agricultural  Experiment  Station  for 
the  last  year.  Because  of  the  nature  of  some  of  the  work, 
the  report  in  part  covers  the  activities  from  November  1, 
1920.  to  October  31,  1021,  rather  than  the  fiscal  year  July 
1  to  June  30.     The  context  indicates  where  this  is  the  case. 

Suggestions  as  to  some  of  the  needs  of  the  Experiment 
Station  and  a  financial  statement  also  are  included. 
\*ery  respectfully, 

EDWARD   C.   JOHNSON, 

Director. 
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Thirty-First   Annual  Report,  Washington 
Agricultural  Experiment  Station 


DIRECTOR'S     STATEMENT 
Introduction 

The  State  of  Washington  has  a  greater  diversify  of 
climate  and  topc^raphy  than  any  other  state  with  the  pos- 
sible exception  of  California.  With  rainfall  varying  from 
six  inches  a  year  in  the  south  central  part  to  over  one 
hundred  in  places  on  the  Pacific  slope;  with  soil  condi- 
tions varying  from  the  rain-leached  lands  of  parts  of  western 
Washington  to  the  sun-parched  deserts  of  the  dry  belt;  with 
soils  as  different  in  agricultural  possibilities  as  volcanic  ash, 
glacial  gravel,  alluvium,  residual  disintegration,  bogs  and 
tide  lands;  with  natural  vegetation  ranging  from  sage  brush 
to  the  densest  forests;  with  temperature  as  diverse  as  the 
equable  climate  along  the  coast  and  the  marked  summers 
and  winters  in  the  inland  country;  and  with  marketing 
problems  due  to  large  distances  from  centers  of  population, 
Washington  presents  to  its  farmers  who  already  are  using 
13,244,720  of  its  42,775,040  acres,  a  vast  variety  of  problems, 
many  of  them  only  partially  solved  and  a  host  not  under- 
stood at  all. 

The  Washington  State  E.\|)eriment  Station  is  now  work- 
ing on  some  of  these  problems  and  has  rendered  distin- 
guished service  in  many  fields.  The  development  of  high- 
.  yielding  varieties  of  wheats,  notably  Hybrid  128  from  a 
cross  made  in  1899,  distributed  to  farmers  in  1909,  now  grown 
on  over  400,000  acres  or  1/10  of  the  wheat  area  of  the  state, 
averaging  6.8  more  bushels  per  acre  than  wheats  ordi- 
narily grown  and  increasing  the  yield  for  the  state  over 
2,700,000  bushels  in  1921 ;  the  selection  of  cereal  varieties 
adapted  to  the  different  sections  of  the  state;  the  improve- 
ment   of   tillage   methods;    the    demonstration    of    the    value 
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of  sulphur  as  a  plant  food;  the  improvement  in  seed  treat- 
ment practices  for  the  control  of  smut  in  wheat;  the  work- 
ing out  of  the  life  history  of  the  codling  moth  for  Washing- 
ton state;  the  perfection  of  the  lime  sulfur  spray  and  the 
improvements  in  spraying  practice  which  have  helped  to 
place  the  great  horticultural  industry  of  Washington  in 
the  first  rank  among  all  the  states;  and  the  demonstra- 
tions of  the  use  of  iodine  in  the  control  of  goitre  in  domestic 
animals,  are  but  a  few  outstanding  examples  of  this  large 
service. 

The  list  of  publications  of  the  Washington  Experiment 
Station  found  on  pages  60  to  64  illustrates  the  multiplicity 
of  helpful  studies  and  the  contributions  to  knowledge  which 
the  station  has  made  and  the  divisional  reports  herein  show 
the  consistent  progress  in  the  many  investigations  now 
under  way. 

Because  of  the  recognition  of  the  value  of  the  work  of 
the  station  there  is  now  an  ever  increasing  demand  for 
more  investigations  of  the  state's  many  agricultural  prob- 
lems. With  new  orchards  coming  into  bearing;  with  farm 
lands  in  the  older  cultivated  sections  being  cropped  of 
their  fertility;  with  new  crop  pests  and  diseases  appearing; 
with  the  need  for  diversification ;  with  the  problems  of  land 
reclamation  and  the  development  of  marginal  lands;  with 
the  necessity  of  greater  utilization  of  by-products  of  the 
fann  and  with  the  ever  increasing  complexity  in  marketing 
farm  products,  this  demand  is  natural  and  a  recognition  of 
the  source  from  which  help  is  confidently  expected. 

Furthermore,  with  a  valuation  of  $1,057,429,848  for  all 
the  farm  property  in  the  state  and  with  a  total  valuation  of 
$296,660,990  for  all  the  farm  products  produced  in  1919.  it  is 
increasingly  realized  that  the  agricultural  industry  of  Wash- 
ington is  not  only  its  most  essential  but  also  the  largest  of  all 
its  industries.  Lumbering,  the  only  other  industry  approach- 
ing agriculture  in  magnitude,  had  an  output  valued  at  $220. 
512,000  for  the  same  year* 


By  standing  ready  to  help  solve  the  problems  of  this  great 
industry  the  Experiment  Station  is  in  a  position  to  render 
service  to  the  state  measurable  by  many  times  whatever 
support  it  receives.  Funds  appropriated  for  its  work  and 
economically  and  efficiently  used  are  a  capital  investment 
bearing;  high  returns.  Opportunity  for  such  investments  must 
not  be  permitted  to  pass  by  even  in  strenuous  times. 

Investigations  in  Co-<^>eration  with  the  U.  S.   Department 
of  Agriculture 

The  investigations  in  forage  crop  production  conducted 
in  co-operation  with  the  Office  of  Forage  Crop  Investigations 
of  the  U.  S.  Department  of  Agriculture,  were  continued  as 
heretofore  at  the  main  station  at  Pullman,  the  Adams  Branch 
Station  at  Lind  and  the  Branch  Station  at  Waterville. 

Co-operative  work  in  cereal  investigations  at  the  Adams 
Branch  Station  was  terminated  by  the  U.  S.  Department 
of  Agriculture,  due  to  a  shortage  of  funds,  in  September, 
1920.  The  co-operative  work  in  breeding  wheat  for  smut 
resistance  at  the  main  station  at  Pullman  was  continued 
without  change,  and  additional  co-operative  investigations 
of  the   foot-rot  of  wheat  commenced. 

Co-operation  with  the  Bureau  of  Entomology  in  wire 
worm  investigations  commenced  two  years  ago  was 
continued  by  the  Bureau  of  Entomology  but  the  assistance 
rendered  by  the  Washington  Experiment  Station  because 
of  shortage  of  funds  was  decreased  in  amount.  The  work 
was  done  in  the  Adams  County  area  primarily,  with  head- 
quarters at  Lind  and  Ritzville. 

Co-operation  with  the  Office  of  Horticultural  Investi- 
gations, U.  S.  Department  of  Agriculture,  relative  to  seed 
potato  production  was  continued  as  in  the  previous  year, 
the  work  being  done  at  Pullman,  at  the  Irrigation  Station 
at  Prosser  and   in   co-operation   with   farmers. 

Co-operation  with  the  Office  of  Farm  Management  of 
the  U.  S,  Department  of  Agriculture  and  with  the  University 
of  Idaho  in   investigations   in  the   cost  of  producing   wheat 
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and  organization  of  wheat  farms  was  continued.  Co-opera- 
tive work  with  the  Office  of  Farm  Management  in  a  study 
of  logged -off  lands  in  Western  Washington  was  com- 
menced and  the  field  work  in  a  survey  of  250  farms  com- 
pleted. 

Co-operation  with  Chelan  County  in  cover  crop  and  soil 
investigations  in  the  orchards  of  that  section  was  con- 
tinued, Chelan  County  paying  the  entire  salary  of  the  inves- 
tigator and  all  of  the  expenses  involved,  the  station  furnish- 
ing the  supervision   and  direction  of  the  work. 

Co-operation  with  the  Bureau  of  Markets  of  the  U.  S. 
Department  of  Agriculture  in  market  investigations  was 
continued  until  the  Office  of  Farm  Markets  by  legislative 
enactment  was  transferred  to  the  Department  of  Agriculture 
at  Olympia,  April   10,   1921. 

Changes  in  Staff 
There   were   few   changes   in   the   staff   during   the  year. 
The  following  resignations  and  appointments  became  effec- 
tive: 

Resignations- 
George  A.  Olsen,  head  of  the  Division  of  Chemistry  and 
State   Chemist,   May   1,    1921. 

Fred  S.  Martin,  Acting  Supt.  Official  Testing.  Mch.,  1920. 
Appointments — 

J.  L.  St.  John  promoted  to  Acting  Head  of  the  Division 
of  Chemistry  and  Acting  State  Chemist,  May,  1921, 
Otto   McCreary,   Assistant   Chemist,   September,    1920. 

Legidation  Affecting  the  Experiment  Station 
The  adoption  of  the  administrative  code  by  the  legisla- 
ture consolidating  the  numerous  boards,  commissions  and 
offices  of  the  state  government  into  ten  executive  depart- 
ments, responsible  to  the  Governor,  removed  from  the  Stale 
College  and  Experiment  Station  the  Office  of  Farm  Markets 
and   discontinued  the   State   Board  of  Agriculture   of  which 
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the    Director   of   the    Experiment    Station    was    ex-officio    a 
member. 

A  special  appropriation  was  made  by  the  Legislature  for 
buildings  to  replace  those  destroyed  by  the  tornado  in 
July,  1920. 

Buildings  and  Land 

Building  plans  for  a  complete  poultry  plant  to  replace 
the  old  plant  partly  destroyed  by  the  tornado  were  drawn 
and  construction  commenced.  This  plant  is  to  include  a 
colony  laying  house  24x30,  a  breeding  and  laying  house 
16  X  196,  a  brooder  house  16  x  120,  two  colony  brooder  houses 
16x24,  a  two-story  incubator  house  38x60'and  a  two-story 
feed  house  30  x  40. 

While  this  plant  is  primarily  for  instructional  work  in 
the  College  of  Agriculture,  it  will  also  provide  facilities 
for  experimental  work  in  incubation  and  brooding  and 
more  especially  in  breeding.  The  long  breeding  house  was 
designed    primarily   for    investigational    work.* 

Construction  of  beef  cattle  and  sheep  barns  was  post- 
poned until  1922  because  of  the  continued  high  cost  of 
labor  and  materials.  They  will  be  built  early  the  coming 
year  and  will  be  of  great  help  to  the  experimental  work 
with   beef  cattle,   sheep   and   hogs. 

Needed  improvements  were  made  around  the  old  cattle 
barns  to  provide  adequate  drainage.  Further  improvements 
will  be  made  in  them  to  fit  them  for  the  dairy  cattle  herd 
as  soon  as  the  new  beef  cattle  and  sheep  barns  have  been 
constructed  and  the  space  now  occupied  by  beef  cattle  and 
sheep  vacated  for  the  dairy  cattle. 

Additional  greenhouse  space  is  essential  for  the  Division 
of   Plant    Pathology,    Bacteriology,   Chemistry   and    Soils. 

At  the  Irrigation  Branch  Station  at  Prosser,  much  addi- 
tional farm  equipment  such  as  grain  binder,  corn  harvester, 
silage  cutter,  manure  spreader,  etc.,  was  purchased.  A 
silo  14x42Va  feet  and  six  individual  hog  houses  were  con- 
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structed  and  considerable  fencing  for  pasture  for  hc^  and 
cattle  was  done.  There  is  real  need  that  a  building  pro- 
gram be  undertaken  at  this  station  providing  for  the  con- 
struction of  two  additional  farm  cottages,  a  cottage  for  the 
superintendent,  a  laboratory  and  seed  storage  building,  feed- 
ing sheds,  pens  and  yards,  an  additional  silo,  and  a  dairy 
barn. 

The  Adams  Branch  Station  at  Lind  is  comparatively 
well  equipped  with  buildings  and  no  additions  are  at  present 
contemplated.  The  buildings,  however,  should  receive  a 
coat  of  paint  at  the  earliest  opportunity. 

No  building  program  is  contemplated  at  the  Waterville 
Branch  Station,  which  is  conducted  largely  on  rented  land. 

More  land  is  urgently  needed  at  the  Experinunt  Station 
at  the  State  College  at  Pullman  for  the  growing  of  pure 
seeds  for  distribution  to  the  farmers  of  the  state.  The 
demand  for  such  seeds  is  far  beyond  the  ability  of  the  sta- 
tion to  supply,  and  as  improved  varieties  are  secured  by 
means  of  breeding  and  selection,  this  demand  will  become 
the  more  urgent.  Land  should  be  available  for  growing 
them  in  such  quantities  that  they  may  be  sent  in  small 
amounts  to  farmers  desiring  to  use  them. 

In  the  director's  report  for  1920  the  following  paragraph 
occurs : 

"The  college  farm,  now  consisting  of  about  560  acres, 
is  used  for  all  the  experimental  work  and  for  the  growing 
of  some  seed  and  some  feed.  There  is  always  more  demand 
for  seed  than  can  be  supplied.  Large  quantities  of  feed 
also  must  be  purchased  each  year  for  the  stock  on  hand, 
and  with  the  increasing  herds  and  flocks  more  feed  will  be 
needed.  It  should  not  be  necessary  to  ship  this  in  and  to 
pay  for  freight  as  well  as  feed  from  current  appropriations. 
With  additional  land  on  which  to  increase  and  grow  seed 
for  distribution,  the  land  now  devoted  to  this  purpose  would 
be  available  for  necessary  expansion  of  pastures  and  for 
feed  production,"     It  is  urgently  recommended  that  provision 
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be  made   for   additional   land   so  that   the   needs   here   indi- 
cated may  be  provided. 

Needed  Additions  to  the  Station  Staff 

Additions  to  the  station  staff  in  many  instances  are 
much  needed.  There  should  be  additional  specialists  devot- 
ing full  time  to  investigational  work  in  connection  with 
horticultural  interests.  With  such  additions,  it  would  be 
possible  to  attack  many  of  the  urgent  cultural,  management, 
plant  disease  and  insect  problems  of  the  large  horticultural 
industry  of  this  state. 

Additional,  help  for  investigational  work  is  also  much 
needed  in  dairying,  animal  husbandry,  farm  crops,  soils  and 
farm  management.  Such  help  should  devote  full  time  to 
experiment  station  work  so  that  it  would  be  possible  at 
any  time  to  make  the  necessary  trips  to  those  sections  of 
the  state  where  the  problems  occur.  In  some  instances 
very  desirable  help  may  be  secured  by  the  appointment  of 
research  assistants  in  the  nature  of  graduate  fellowships 
and  scholarships.  This  practice  not  only  will  give  much 
needed  help  in  many  experimental  and  research  projects  at 
small  expense  but  also  will  give  training  to  men  needed 
now  and  in  the  future  in  experiment  station  and  college 
work.  It  is  hoped  that  from  time  to  time  men  of  means 
will  become  interested  in  making  endowments  for  research 
fellowships  and  scholarships  in  connection  with  the  experi- 
ment station  so  that  many  of  the  problems  which  it  is  not 
now  possible  to  touch  because  of  limited  means  increasingly 
may  receive  attention. 

In  addition  to  an  enlarged  staff  to  devote  its  time  pri- 
marily to  investigations  and  experimentation,  increased  main- 
tenance for  the  various  projects  is  essential.  The  needs 
of  the  various  divisions  of  the  Experiment  Station  are  more 
fully  stated  in  the  divisional  reports. 
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DIVISION   OF  ANIMAL  HUSBANDRY 
H.  Hackedorn  in  Charge 
Pea  Straw  for  Fattening  Cattle : 

A  summary  of  the  investigations  relative  to  the  best 
method  of  utilizing  pea  straw  was  published  during  the  year 
in  Bulletin  No.  157  of  the  regular  series.  Further  work  on 
this  project  was  .temporarily  suspended  because  of  the  demand 
for  information  on  the  feeding  value  of  sunflower  silage. 

Sunflower  Silage  for  Beef  Production : 

A  feeding  trial  for  the  purpose  of  comparing  sunflower 
silage  with  corn  silage  as  a  feed  for  production  of  beef  is 
being  conducted  with  30  steers.  Two  lots  of  fifteen  head 
each  are  being  fed  for  a  period  of  90  days.  Linseed  oil 
meal  is  fed  at  the  rate  of  2  lbs.  per  head  daily.  The 
silages  are  mixed  with  cut  hay  in  the  proportion  of  1  part 
hay  to  3  parts  corn  silage  and  1  part  hay  to  3^/^  parts  sunflower 
silage.  Digestion  coefficients  of  sunflower  silage  fed  to 
steers  are  to  be  determined  during  the  course  of  the  sun- 
ilower  silage  investigations.  Similar  coefficients  for  sun- 
flower silage  for  sheep  have  been  worked  out  and  were 
published  in  Bulletin  No.  161  during  the  year. 

Study  of  Comparative  Value  of  Protein 
Supplements  in  Swine  Rations: 

This  work  was  continued  without  interruption.  A 
three-to-one  mixture  of  rolled  barley  and  wheat  shorts  was 
used  as  a  basal  grain  mixture  fed  to  pigs  in  various  lots. 
The  pigs  weighed  from  40  to  70  lbs.  at  beginning  of  the 
tests  and  finished  at  weights  from  150  to  170  lbs.  The 
mixture  was  supplemented  with  tankage  or  fishmcal.  and  in 
one  case  with  cocoanut  meal  in  quantities  sufficient  to 
provide  the  proper  nutritive  ratio  for  pigs,  as  they  increased 
in  weight. 

For  every  ration  tested  in  dry  lots  a  similar  one,  though 
less  in  quantity,  was  fed  on  alfalfa  and  pea  forage.  The 
comparative  feeding  tests  in  dry  lot,  on   pea  forage  and  on 
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alfalfa  forage  involving  25  head  fed  57  days,  35  head  fed 
74  days  and  14  head  fed  65  days  have  failed  to  demonstrate 
any  marked  difference  between  fishmeal  containing  56% 
protein  and  tankage  containing  60%  protein.  The  cocoanut 
meal  was  found  to  be  bulky  and  unsatisfactory  as  a  protein 
supplement,  especially  in  rations   for  young  pigs.    , 

The  work  with  fishmeal  and  tankage  is  being  continued 
and  has  been  expanded  to  include  linseed  meal  and  a  mixture 
of  equal  parts  of  linseed  meal  with  tankage. 
Protein  Supplement  on  Pea  Forage : 

To  test  the  advisability  of  self-feeding  tankage  on  pea 
forage,  two  lots  of  7  pigs  each  were  given  access  to  areas 
of  2  acres  of  peas.  Lot  I  had  access  to  pea  forage  only, 
while  Lot  II  was  self  fed  on  tankage  in  addition  to  forage. 

The  peas  were  fairly  ripe  July  26th  when  the  test  began. 
The  hogs  averaged  about  83  lbs.  at  the  beginning.  For 
the  total  period  Lot  I  averaged  1.529  lbs.  gain  per  head 
daily,  and  Lot  II  gained  1.540  lbs.  Where  tankage  was 
self-fed  each  pig  consumed  an  average  of  23.43  lbs.  of  that 
feed  for  the  60-day  test.  There  was  no  apparent  difference 
in  condition  of  the  pigs  in  the  various  lots. 

The  forage  for  Lot  I  made  a  yield  of  36.3  bu.  of  peas 
per  acre  while  that  of  Lot  II  averaged  only  29.1.  The 
pigs  receiving  tankage  wiere  in  the  low  yielding  lot,  but  made 
gains  equal  to  those  of  the  pigs  in  the  high  yieldng  lot. 

The  tankage  fed  pigs  produced  323.5  lbs.  of  pork  per 
acre  with  a  grain  requirement  of  529.7  lbs.  peas  and  25.5 
lbs.  tankage  for  100  lbs.  gain.  Pigs  having  access  to 
forage  produced  only  321.2  lbs.  of  pork  per  acre,  requiring 
678.5  lbs.  of  peas  for  every   100  lbs.  body  gain. 

The  net  returns  per  acre  due  to  peas  with  pigs  valued  at 
$8.00  per  cwt.  was  $25.69  for  Lot  I  and  $23.41  for  Lot  II. 
Considering  the  fact  that  the  peas  for  Lol  II  produced  7.2 
bu.  peas  less  per  acre  than  those  for  Lot  I  the  returns  are 
exceptionally  good  in  this  instance.  The  tankage  cut  down 
the  peas  required  per  100  lbs.  gain  more  than  enough  to 
justify  its  use. 
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The  only  labor  involved  in  production  of  feed  was  in 
preparation  of  the  ground  and  in  seeding.  There  are  no 
charges  for  cutting  and  threshing  of  peas  to  be  deducted 
from  the  returns.  Furthermore,  the  forage  not  consumeil 
as  well  as  droppings  from  pigs  can  be  turned  under,  a  system 
in  every  way  tending  towards  an  increased  soil  fertility. 

Needs  of  the  Animal  Husbandry  Division : 

More  comprehensive  library  facilities  are  badly  needed. 
This  was  emphasized  in  .the  last  annual  report. 

A  laboratory  for  investigations  in  animal  nutrition  is 
needed.  It  would  not  be  expensive  and  would  make  possible 
investigations  in  fundamental  laws  of  growth  and  in  fat- 
tening and  maitenance  of  livestock,  a  work  involving  num- 
erous questions  of  a  chemical  nature.  It  would  facilitate 
digestion  trials  which  are  So  essential  when  feeding  values 
of  new  forages  and  concentrates  are  in  question.  A  normal 
increase  in  experimental  work  along  nutritional  lines  will 
require  the  addition  of  a  man  trained  for  this  work  to  the 
Experiment  Station  staff. 

Some  experimental  work  on  the  problem  of  wintering 
the  idle  as  well  as  the  growing  horse  is  highly  desirable, 
especially  for  this  section  of  the  country.  It  should  be 
given  early  attention. 


DIVISION  OF  BACTERIOLOGY 
W.  I.  Nightingale  in  Charge 
Legume  Inoculation  Cultures: 

Inoculation  of  the  leguminous  crops  is  of  fundamental 
importance  to  successful  agriculture.  As  the  demand  for 
more  efficient  crop  production  becomes  more  pressing,  inocu- 
lation gains  in  importance.  The  Bacteriology  Laboratory, 
in  cooperation  with  the  Division  of  Farm  Crops,  has  fur- 
nished to  the  farmers  of  the  state  this  year  sufficient  cul- 
tures to  inoculate  8325  acres.      These. were  supplied  for  the 
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different  legumes  as  follows :  Alfalfa,  3305  acres ;  clover, 
llSl  acres;  peas,  2447  acres;  beans,  223  acres;  vetch,  590 
acres;  soybeans,  47  acres,  and  sweet  clover,  557  acres. 

There  is  a  slight  decrease  in  the  total  acreage  of  cultures 
supplied  over  last  year  due  to  a  big  reduction  in  the  acreage 
of  peas  planted  in  eastern  Washington.  However,  about 
200  more  farms  were  supplied  with  culture  than  ever  before, 
showing  a  general  increase  in  the  inoculation  practice  over 
the  state  as  a  whole. 

Factors  that  Control  the  Infection 
of  liegaxncs  by  Bacteria. 

Work  has  been  done  to  determine  factors  which  con- 
tribute to  the  success  or  failure  of  legume  inoculation.  Some 
of  the  factors  under  study  are  moisture,  temperature,  num- 
ber of  bacteria  applied  to  the  seed,  chemical  constituents 
of  the  soil,  virulence  of  the  bacteria,  source  of  the  bacteria, 
and  method  of  applying  the  bacteria  to  the  seed.  Good 
infection  has  been  secured  in  Palouse  soil  containing  12% 
to  26%  moisture.  Data  were  secured  in  the  field  and  in 
the  greenhouse  on  seven  common  legumes  inoculated  with 
bacteria  from  different  sources  to  study  the  effect  of  their 
virulence.  In  all,  34  different  strains  were  tested.  The 
soil,  water  and  milk  methods  of  applying  the  bacteria  to 
the  seed  were  used.  The  order  of  success  was  as  in  the 
order  given  with  little  difference  in  nodule  formation  between 
the  soil  and  water  methods  of  application.  The  number  of 
bacteria  applied  to  the  seed  is  of  marked  less  importance 
than  the  virulence  of  the  bacteria  on  the  number  of  nodules 
formed.  Weight  of  the  plants  and  yields  have  been  taken 
and  nitrogen  analysis  of  the  plants  will  be  made  to  study 
fixation.  Results  so  far  obtained  indicate  the  importance 
of  the  careful  selection  of  strains  of  bacteria  used  for  inocu- 
lating legumes. 

The  Effect  of  Straw  on 
the  Biolt^cal  Soil  Processes: 

Two  years'  work  has  been  done  on  this  problem  and  the 
IS 
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results  published.  Long  experience  and  experimentation 
have  shown  that  the  immediately  succeeding  crop  yield  of 
wheat  on  Palouse  soil  is  reduced  when  the  straw  is  not 
removed  with  the  crop  or  is  added  to  the  soil.  This  is  caused 
by  the  transformation  of  nitrogen  available  for  plant  food 
into  a  non-available  form. 

Straw  applied  to  the  soil  stimulates  reproduction  of 
bacteria  but  there  is  no  disturbance  in  the  balance  of  types 
present.  The  bacteria  use  the  straw  as  a  source  of  carbon 
and  the  nitrates  in  the  soil  as  a  source  of  nitrogen.  The 
nitrates  are  transformed  into  organic  nitrogenous  material 
and  for  the  time  being  are  lost  as  available  plant  food.  The 
more  straw  applied  the  greater  is  the  loss  of  nitrates. 

Work  is  being  continued  in  the  field  and  in  the  laboratory 
to  determine  the  other  specific  factors  which  affect  the 
decomposition  of  straw  in  the  soil,  and  to  discover  if  pos- 
sible methods  of  stimulating  the  biological  flora  to  a  more 
rapid  'and  less  destructive  action. 

Pure  Culture  Starters  for  Maldng  Cider  Vinegar: 

In  an  effort  to  aid  the  farmer  transform  his  cull  apples 
into  income,  a  campaign  was  started  in  co-operation  with 
the  Department  of  Horticulture,  to  turn  the  apples  into  vin- 
egar. Pure  culture  starters,  directions  for  their  use,  and  a 
pamphlet  on  how  to  make  cider  vinegar  were  supplied  to 
the  farmers  at  a  small  charge  to  cover  the  cost  of  materials 
and  postage.  One  hundred  farmers  in  the  state  called  for 
this  service  in  two  months.  This  work  will  be  followed 
up,  improved  and  enlarged  upon. 

Miscellaneous  Analyses: 

In  the  service  work  for  the  people  of  the  state,  thirty 
samples  of  water  were  analyzed  for  pollution  and  forty 
samples  of  milk  and  fifteen  samples  of  food  examined. 

Publications :  , 

"The  Effect  of  Straw  on  the  Biological  Soil  Processes" 
appeared   in  "Soil   Science,"   Vol,    VII,   No.    Ill,   September, 
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1921.  "Making  Cider  Vinegar,"  a  pamphlet  with  directions 
for  utilizing  cull  apples,  several  letters  to  County  Agents, 
and  newspaper  articles  on  legume  inoculation  have  been 
distributed. 

New  Investigations: 

Service  to  the  EJairy  Industry  of  the  state  should  be 
increased.  Investigations  of  the  flora  of  soils  under  different 
systems  of  cropping  in  the  dry  and  semi-arid  sections  of  the 
state  should  be  conducted  with  the  view  of  determining  the 
efifect  of  different  practices  on  soil  up-building. 


DIVISION  OF  CHEMISTRY 
J.  L.  St.  John  in  Charge 
Sulphur  as  a  Plant  Food : 

Work  was  resumed  on  the  sulphur  project  which  had 
been  temporarily  discontinued.  Sulphur  determinations 
were  made  on  over  300  samples  of  plant  material  saved 
from  greenhouse  work  in  1915,  1916,  and  1917.  These  data 
together  with  the  1914  results  and  also  data  on  the  sulphur 
content  of  Palouse  soils,  on  the  efifect  of  various  fertilizers 
on  the  yield  and  composition  of  alfalfa  on  the  college  farm, 
on  the  effect  of  gypsum  on  the  yield  of  alfalfa  on  Palouse 
farms,  on  the  amount  of  sulphur  brought  to  the  land  in  the 
rain,  and  various  other  data  have  been  correlated  and  are 
now  ready  for  publication  under  the  title  "Investigations 
of  Sulphur  as  a  Plant  Food."* 

It  has  been  found  that  the  sulphur  content  of  the  soils 
studied  is  low  and  there  is  indication  that  the  amount  pre- 
cipitated in  the  rain  is  small.  Elemental  sulphur  added  to 
soil  plots  have  increased  yields  of  wheat,  oats,  barley  and 
peas.  Gypsum,  acid  phosphate  and  sulphuric  acid  added 
to  field  plots  have  nearly  doubled  the  yield  of  alfalfa.  Two 
hundred  pounds  of  gypsum  per  acre  have  increased  farmers' 
yields  as  much  as  240  per  cent.  It  is  felt  that  the  results 
obtained  justify  further  work  on  this  very  important  problem. 
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Nutritional  Stupes  with  Wheat: 

A  study  of  wheat  has  been  made  with  the  object  of  finding 
means  for  overcoming  the  alleged  toxicity  of  this  cereal. 
It  has  been  found  that  "toxicity"  can  be  overcome  and  that 
white  rats  (the  standard  animal  used  in  working  out  the 
principles  underlying  the  adjustment  of  foods)  will  success- 
fully grow  and  reproduce  when  fed  a  wheat  ration,  supple- 
mented by  protein  and  fat  soluble  A,  if  a  proper  adjustment 
of  the  inorganic  elements  calcium,  chlorine  and  sodium  is 
made.  This  has  developed  into  a  study  of  the  limits  for 
the  need  of  these  elements  in  a  wheat  ration  and  especially 
the  limits  of  the  sodium  requirement.  A  paper  on  this 
subject  is  now  ready  for  publication.  Work  on  chlorine 
is  under  way,  A  broad  basis  ha.s  thus  been  laid  in  this  divi- 
sion for  a  study  of  fundamental  importance  to  a  wheat- 
raising  state  and  of  fundamental  importance  in  nutrition. 
The  study  of  inorganic  salts  in  nutrition  has  received  far 
less  attention  than  its  importance  deserves.  The  study  of 
the  relative  nutritive  value  of  wheat  and  flour  is  a  subject 
which  has  received  too  little  attention.  Wheat  and  flour 
are  of  course  eaten  for  the  actual  nutrition  which  they 
furnish,  and  we  believe, this  should  be  one  basis  for  their 
valuation.  To  make  this  basis  practical  it  will  be  necessary 
to  determine  the  factors  which  most  influence  the  variation 
in  nutritive  value.  For  instance,  does  the  variation  in 
nitrogen  play  the  most  important  role  and  what  is  the  influ- 
ence of  variation  in  phosphorus,  or  sodium  or  vitamine 
content,  etc.  The  relative  value  of  whole  wheat  and  white 
flour  bread  is  a  question  which  is  receiving  increasing  atten- 
tion and  on  which  there  seems  to  be  too  little  data  of  a 
definite  nature.  Various  questions  of  this  character  are 
under  consideration. 

Baking  Qualities  of  Flour: 

The  action  of  enzymes  on  flour  from  various  states  and 
on  gluten  from  these  flours  has  been  studied.  The  total 
amount  of  nitrogen  digested,  basic  nitrogen,  amino  nitrogen 
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by  the  Sorenson  formal  method,  and  the  amoimt  of  nitrogen 
in  solution  but  precipitated  by  phosphotungstic  acid  have 
been  determined  on  both  flours  and  glutens.  These  were 
checked  against  the  acid  digestion  in  each  case.  The  work 
has  not  yet  progressed  to  a  point  where  it  is  felt  that 
definite  conclusions  are  justified.  A  rather  extended  piece 
of  preliminary  work  has  also  been  carried  out  preparatory 
to  the  study  of  the  hydrolysis  of  gluten.  It  is  hoped  that 
the  division  will  be  able  Eo  continue  these  investigations. 
Conductivity  Measurements: 

Conductivity  mea.surenients  were  made  on  the  water 
extract  of  64  soils  whicli  have  been  rather  extensively  inves- 
tigated from  a  chemical  standpoint.  With  very  few  excep- 
tions the  conductivity  of  the  extract  from  the  surface  foot 
of  soil  was  higher  than  tor  .soil  from  other  depths.  Extracts 
from  virgin  and  cultivated  soils  show  about  the  same  con- 
ductivity. Ilill  top  soil.s  u.snally  show  the  lower  while  bottom 
land  soils  show  the  higher  conductivity. 
Co-c^erative  Study  of  Methods  of  Analysis: 

Co-operative  work  with  the  Association  of  Official  Agri- 
cultural Chemists  has  been  continued  in  a  study  of  metlKxls 
for   the   determination   of   crude   fibre   in    feeds   and    for   the 
determination  of  fat  in  feeds. 
Miscellaneous  Work. 

A  large  number  of  samples  are  received  by  the  division 
(luring  the  year  which  cannot  be  giveii  attention  because  of 
lack  of  time  and  funds.  The  division  aims  to  be  of  as  much 
service  as  possible  to  the  people  of  the  state  and  analyses  are 
made  in  cases  where  the  reason  for  making  them  seems  to 
justify  a  use  of  part  of  the  limited  time  available. 

Various  analytical  work  has  been  done  for  other  Divisions 
of  the  Station. 

A  large  amount  of  time  was  spent  in  planning  and 
supervising  the  work  on  the  new  laboratories  in  James  Wilson 
Hall.  These  were  completed  to  a  point  where  it  was  possible 
for  the  Division  to  move  in. 
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State  Chemist  Work: 

The  Chemist  of  the  Experiment  Station  is  ex-officio  State 
Chemist  and  the  equivalent  of  time  and  a  half  for  one  man 
is  required  of  the  Division  of  Chemistry  in  the  work  done 
in  co-operation  with  the  State  Department  of  Agriculture 
in  enforcement  of  the  Food,  Feed,  Fertilizer  and  Insecticide 
laws  of  the  state.  A  large  number  of  the  samples  handled 
are  feeds  and  fertilizers.  Comparing  the  samples  received 
from  the  official  inspectors  just  after  the  new  law  became 
operative  in  July,  1919,  with  those  received  now,  it  is  grati- 
fying to  note  that  a  very  much  larger  percentage  of  such 
samples  now  conform  to  the  requirements  than  formerly. 
The  results  of  the  work  done  have  not  been  published.  It 
is  suggested  that  the  State  Department  of  Agriculture  provide 
funds  for  such  purposes  in  view  of  the  fact  that  consumers 
desire  first-hand  information  as  to  the  nature  and  quality 
of  the  feeds  which  they  purchase.  Such  a  publication 
would  also  serve  to  satisfy  those  who  in  a  measure  doubt 
that  the  laws  are  being  enforced.  While  the  technical 
analytic  work  in  connection  with  the  regtilatory  work  of 
the  State  Department  of  Agriculture  can  well  be  done  in 
the  laboratories  of  the  experimnt  Station  and  it  is  believed 
that  such  practice  insures  both  accuracy  and  economy  for  the 
state,  the  expense  of  such  work  undoubtedly  should  be  borne 
by  fees  or  by  the  State  Department  of  Agriculture  rather 
than  by  the  Experiment  Station  as  at  present. 
Additional  Needs: 

The  amount  of  time  available  for  co-operation  with  other 
Divisions  has  been  limited.  Co-operative  work  in  joint 
projects  is  not  only  highly  desirable  but  is  essential  in  many 
cases.     Additional  help  is  needed  for  such  work. 


DIVISION  OF  DAIRY  HUSBANDRY 
E.  G.  Woodward  in  Charge 
Sunflower  Silage  vs.  Corn  Silage: 

Work   was  temporarily  discontinued  on   this   project  but 
will  be  resumed  during  the  next  fiscal  year. 
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A  Study  of  Calf  Rations: 

Condensed  or  Semi-solid  Buttermilk  for  Calf  Feeding: 
Eight  calves  were  raised  on  condensed  buttermilk  from  the 
age  of  three  weeks  up  to  the  age  of  four  to  six  months.  All 
made  satisfactory  gains  ranging  from  1.3  to  1.6  lbs,  per 
day.  The  gains  during  the  first  two  months  usually  were 
less  than  these  figures,  while  at  a  later  age  the  growth  was 
more  rapid.  This  was  true  also  when  skimmed  milk  was 
fed.  The  calves  raised  on  condensed  buttermilk  were  not 
troubled  with  scours,  and  in  this  respect  the  condensed 
buttermilk  seemed  to  be  a  slightly  more  satisfactory  feed 
than  the  skimmed  milk. 

In  raising  these  calves  the  following  practices  were  used: 
The  calves  were  taken  from  their  dams  within  24  hours 
after  birth  and  were  then  fed  whole  milk  until  they  were 
two  weeks  old,  Al  that  time  condensed  buttermilk  was 
substituted  gradually  for  the  whole  milk  until  at  the  age 
of  three  weeks  the  calves  were  receiving  no  whole  milk 
whatever.  In  making  this  substitution,  a  very  small  quan- 
tity of  condensed  buttermilk  was  mixed  with  the  whole 
milk  for  two  or  three  feedings.  This  was  gradually  in- 
creased as  the  calf  became  accustomed  to  the  taste  of  the 
condensed  buttermilk  until  one-half  pound  was  fed  twice  a 
day.  At  that  time  water  was  gradually  substituted  for 
the  whole  milk,  and  the  condensed  buttermilk  was  increased 
until  at  the  end  of  two  or  three  days  the  calf  was  receiving 
no  whole  milk  and  was  getting  not  in  excess  of  5  pounds  of 
water  at  a  feeding  in  addition  to  whatever  quantity  of  con- 
densed buttermilk  it  consumed.  The  amount  of  condensed 
buttermilk  fed  to  a  young  calf  at  this  age  was  usually  a 
pound  and  a  quarter  a  day,  at  the  time  the  substitution 
for  whole  milk  was  complete.  This  was  gradually  increased 
until  by  the  time  the  calf  was  three  -months  old,  it  was 
receiving  four  pounds  of  condensed  buttermilk  a  day,  fed 
in  two  equal  feedings.  The  condensed  buttermilk  was  always 
fed  diluted  with  warm  water.  Five  pounds  of  water  at  a 
feeding   gave   the   best    results.       A   greater   quantity    than 
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this  did  not  appear  to  give  as  good  results  as  five  pounds 
so  that  the  quantity  of  water  was  kept  constant,  regardless 
of  the  quantity  of  condensed  buttermilk  dissolved   in   it. 

In  addition  to  the  condensed  buttermilk,  the  calves  re- 
ceived alfalfa  hay  and  a  grain  mixture  composed  of  equal 
parts  by  weight  of  bran,  ground  oats,  rolled  barley,  and  lin- 
seed oil  meal. 

Skimmed  Milk  PowKler  for  Calf  Feeding:  Three  pure- 
bred Jersey  calves  were  fed  skimmed  milk  powder  for  a 
period  of  80  days.  The  plan  followed  was  approximately 
the  same  as  that  described  in  the  feeding  of  condensed  butter- 
milk. When  the  substitution  for  whole  milk  was  com- 
pleted, the  calves  received  one  pound  of  the  skimmed  milk 
powder  diluted  with  nine  pounds  of  water,  and  divided  into 
two  feeds  per  day. 

The  quantity  of  skimmed  milk  fed  was  later  raised  to 
two  pounds  a  day  diluted  with  nine  pounds  of  water.  In 
other  words,  the  calf  received  about  five  pounds  of  the 
mixture  at  a  feed,  regardless  of  the  amount  of  skimmed 
milk  powder  contained  in  the  mixture. 

These  calves  made  an  average  daily  gain  of  about  one 
pound  for  the  period  of  80  days.  This  is  considered  only 
a  fair  rate  of  gain  for  Jersey  calves  of  that  age. 

The  Effect  of  Exercise  and  Feed  Upon 
the  Vitality  and  Breeding  Ability  of  Bulls: 

This  is  a  continuation  of  the  work  reported  in  the  30ili 
Annual  Report.  The  plan  of  the  work,  together  with  the 
results  to  date,  may  be  summarized  as  follows. 
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Official  Testing: 

The  semi-official  worii  has  increased  16.2%  over  the  year 
July,  1919,  to  July  1,  1920. 

The  increase  in  seven-day  tests  has  been  29.1%. 
The  increase  in  retests  has  been  29.7%. 

During  the  year  ending  November  1,  1921,  an  average  of 
65  herds  were  tested  semi-official iy  each  month.  During 
the  same  time  there  was  an  average  of  342  cows  per  month 
tested.     This  is  an  average  of  over  five  cows  per  herd. 

The  Jersey  breeders  with  30  herds  containing  154  cows 
led  in  the  number  of  herds  tested  per  month  and  were  second 
in  number  of  cows.  The  Hoistein  breeders  led  in  number 
of  cows  tested  with  a  monthly  average  of  174  in  22  herds. 
The  Guernsey  breed  was  represented  with  10  herds  and  an 
average  total  of  34  cows  per  month.  Two  Ayshire  herds 
with  an  average  of  12  cows  per  month  were  tested  through- 
out this  period.  In  June  one  Shorthorn  herd  started  testing 
and  had  four  or  five  cows  on  test  each  month  since  that 
time. 

An  average  of  IIY^  supervisors  were  used  during  this 
period.      They  also  conducted  the  Official  Testing. 

Number  of  30-day  reports  for  the  year 10 

Number  of  7-day  reports  for  the  year.,,. 417 

Number  of  verifications  for  the  year., 9 

Number  of  retests  for  the  year 100 

Number  of  check    tests 7 

Needs  of  the  Division  of  Dairy  Husbandry : 

More  help  is  needed  on  the  staff  of  the  Dairy  Division, 
both  in  the  college  and  station.  Only  a  very  limited  time  on 
the  part  of  the  head  of  the  Division  is  now  available  for 
investigational  work  and  the  details  of  such  work  must  be 
handled  by  advanced  students.  This  should  be  remedied  as 
soon  as  there  are  funds  for  additions  to  the  staff. 
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DIVISION  OP  ENTOMOLOGY  AND  ZOOLOGY 

A.  L.  Melander  in  Charge 
The  Codling  Moth: 

Two  problems  relative  to  codling  moth  treatment  con- 
front the  fruit  grower,  namely,  the  relative  importance  of 
the  spray  rod  and  the  spray  gun  and  the  value  of  spreaders. 
To  secure  some  information  on  these  mooted  points  an  exten- 
sive series  of  experiments  was  conducted  near  Spokane. 
An  old  Ben  Davis  orchard  was  dividede  into  plots  and  cor- 
responding trees  were  sprayed  through  the  season  either 
with  the  rod  and  clipper  nozzle  or  with  the  spray  gun.  In 
each  series  part  of  the  trees  received  the  insecticide  without 
spreader  added,  while  part  was  sprayed  with  a  soap 
spreader  included.  Incidentally,  different  strengths  of  spray, 
different  proprietary  brands  of  arsenate  of  lead,  and  two  of 
the  newer  sprays,  calcium  arsenate  and  magnesium  arsenate, 
were  tried  out.  At  harvest  time  results  were  tabulated  by 
determining  both  the  per  cent  of  worm-free  fruit  as  usual, 
and  the  coefficient  number  representing  the  ratio  of  worms 
to  stings.  Over  70,000  apples  were  examined  wlien  checking 
results. 

Calcium  arsenate  was  interior  to  arsenate  of  lead  in  con- 
trolling the  codling  moth,  and  magnesium  arsenate  was  still 
less  efficient.  Somewhat  better  results  were  obtained  with 
the  rod  and  clipper  nozzles  than  with  the  spray  gun,  the 
ratio  being  an  increased  protection  over  the  unsprayed  trees 
amounting  to  7.5  times  for  the  rod  and  5.7  times  for  the 
gun.  The  spray  gun  is  easier  to  use  and  hence  has  won 
its  favor,  but  it  is  clear  that  the  clipper  type  of  nozzle 
attached  at  an  angle  at  the  end  of  a  long  pole  can  place 
the  spray  to  better  advantage  than  is  possible  with  the 
gun.  However,  for  comparative  purposes  the  clipper  nozzles 
should  be  reamed  out  to  permit  the  passage  of  the  same 
quantity  of  spray  as  With  the  gun.  Operators  have  perhaps 
been  deluded  by  the  loud  hissing  of  the  gun  and  the  nearness 
of    the    emerging    fog-like    spray    into    a    belief    that    it    is 
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more  efficient  than  the  less  visible  driving  fan  spray.  The 
'  extended  experiments  of  this  year  again  indicate  that  the 
contrary  is  true.  This  statement,  however,  is  by  no  means 
a  general  condemnation  of  the  spray  gun.  When  the  rod 
is  conscientiously  used  it  is  capable  of  better  returns,  but 
the  average  operator  will  probably  do  more  efficient  work 
with  the  gun  because  of  the  greater  ease  in  handling  it. 
The  gun  can  displace  the  rod  with  safety  especially  in 
orchargs  not  excessively  wormy.  Under  critical  conditions 
the  rod  should  be  preferred. 

With  reference  to  the  use  of  a  spreader,  ordinary  laundry 
soap  was  added  to  the  spray  on  half  the  trees,  at  the  rate. 
of  six  bars  to  the  20Ogallon  tank.  Although  there  was  a 
decided  bettering  of  the  spread  of  the  spray  over  the  fruit, 
and  less  blotching  in  drying,  when  soap  was  used,  yet  as 
heretofore,  the  improved  spread  was  not  followed  by  greatly 
increased  control  of  codling  larvae.  Summing  all  the  trees 
of  the  experiments,  the  use  of  the  insecticide  without  spreader 
bettered  conditions  6.9  times  that  of  the  unsprayed  checks, 
while  the  addition  of  the  soap  raised  this  figure  to  7.2.  As 
far  as  codling  moth  control  is  concerned,  the  adoption  of  a 
soap  spreader  is  optional.  Other  spreaders  tried  by  this 
station  have  given  less  uniform  spread  of  liquid  over  the 
waxy  surface  of  the  apple  fruit  than  soap  does,  but  are  valu- 
able in  foliage  sprays. 

With  respect  to  strength  of  application  there  was  greater 
uniformity  among  the  brands  when  used  strong  than  when 
used  weak.  One  brand  of  arsenate  of  lead  gave  three  times 
as  much  protection  when  used  at  the  rate  of  one  pound  to 
50  gallons  as  when  used  at  half  that  strength,  while 
another  brand  showed  little  difference  in  effect  between 
these  two  extremes. 
San  Jose  Scale: 

In  continuation  of  an  investigation  in  prc^ess  for  several 
years  at  this  station,  San  Jose  scale  was  sprayed  with 
identical  solutions  at  Clarkston,  Walla  Walla,  Yakima  and 
Wenatchee  in  an  endeavor  to  find  out  whether  geographic 
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races  of  this  insect,  differing  in  susceptibility  to  spraying, 
occur.  Incidentally  some  materials  of  local  interest  were 
used  in  part  of  the  tests,  so  as  to  correlate  them  with 
the  standard  tests. 

At  the  expiration  of  a  month  or  so,  the  sprayed  scales 
were  individually  examined  under  the  binocular  microscopes 
and  by  crushing  them  their  condition  as  to  whether  living 
or  dead  was  observed  and  recorded.  On  account  of  the 
heavy  freezes  of  the  year  before,  the  sprayed  branches 
were  often  encrusted  with  old  dead  scales  which  of  course 
bore  no  reference  to  the  experiments.  Hence  the  34,000 
scales  recorded  represented  only  part  qi  the  insects  actually 
removed   from   the   bark. 

The  averages  of  the  more  interesting  tests  are  tabulated 
below  and  show  that  the  San  Jose  scale  responds  to  the 
usual  insecticides  very  differently  in  the  several  locations. 
The  variation  in  susceptibility  to  sprays  for  this  year  is 
in  accord  with  results  obtained  in  previous  years.  The 
conclusion  can  be  drawn  from  this  experiment  that  actual 
strength  of  spray  is  not  the  only  factor  influencing  its  insec- 
ticidal  value,  that  Clarkston  and  Walla  Walla  scales  arc 
more  resistant  than  Wenatchee  or  Yakima  scales,  that  drj- 
polysulphids  are  not  as  efficient  as  the  ordinary  liquid 
lime  sulphur,  that  oil  sprays  are  more  rapid  in  action  than 
sulpliid  sprays,  and  that  there  is  much  variation  in  misci- 
bilily  and  efficiency  among  commercial  oils. 
Per  Cent  of  San  Jose  Scale  Alive  After 
Treatment  with  Various  Insecticides: 

MstpriBirspd    Inlcnal  .10  il»y«     44  diij«  30  dmyi  28  d>J» 


Dn  lime-sol.  Ifi/SO... 
Ttty  limr-aul.  20/EO  .. 
Dnr  Md*-*!!!.  IO/!;n.... 
Drr  K>di-inl.  IC/SO  . 
Dry  barium-mi.  10/:. 
Dry    barium-rul.     1.'./r. 

Dormoil.    sy       

Dormoil.    6';i         

Spnmulaion,  S'r  . .... 
Sfalfdd*.    B'A     . 
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Orchard  L«af  Roller: 

Spokane  fruit  growers  have  been  unable  to  repeat  the. 
good  results  reported  in  other  districts  from  spraying  eggs 
of  leaf  rollers  with  oil  sprays.  In  order  to  obtain  reliable 
information  on  the  action  of  locally  used  oils  on  this  pest, 
branches  heavily  infested  with  egg  masses  were  obtained 
during  the  wtinter  and  were  sprayed  and  kept  in  the  insectary 
until  incubation  of  the  embryos  was  completed.  By  this 
forced  development  advance  information  was  obtained  which 
served  as  a  basis  for  spraying  in  the  orchards  at  the  end  of 
the  freezing  period  in  early  spring. 

In  order  to  obtain  accurate  counts  the  egg  masses  were 
examined  under  binocular  microscopes  and  the  condition 
of  every  egg  was  observed.  Apparently  the  resistance  of 
this  pest  to  spraying  is  due  in  part  at  least  to  the  protec- 
tive action  of  the  glairy  egg  covering.  In  both  the  insectary 
and  the  field  experiments  the  spraying  was  overdone  in 
order  to  be  assured  that  every  mass  of  eggs  was  thoroughly 
wet  with  the  insecticide.  Yet  scarcely  an  egg  mass  could 
t>e  found  that  later  did  not  show  some  eggs  hatched,  the 
number  at  times  amounting  to  virtually  all  the  eggs  of  the 
cluster. 

A  brief  summary  of  the  data  is  here  given  in  order  to 
show  how  remarkably  resistant  the  orchard  leaf-roller  is  to 
standard  sprays. 


Material  UiBd 


—Per  Cent  «(  Ejga  H»t. 


DoriDDil, 

R 

DoinKiil, 

lion,       B% 

:  'K 

Sdecid. 

Dormoil, 

Spmrnoli 

I    br.nrhM 
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Wire  Worm  Investigations: 

Wire  worm  investigations  were  continued  by  the  repre- 
sentative of  the  Bureau  of  Entomology  of  the  U.  S.  Depart- 
ment of  Agriculture  in  the  semi-arid  section  more  particu- 
larly at  Ritzville  and  in  connection  with  the  Adams  Branch 
Station  at  Lind.  Definite  results  have  been  secured  in 
the  life  history  studies  and  it  is  expected  that  after  another 
season's  work  the  principal  points  in  the  life  history  may 
be  cleared  up. 

Needs  of  the  Division  of  EinUMnolc^y  and  Zoology: 

Although  the  Division  of  Entomology  and  Zoology  has 
three  investigators  on  its  staff,  these  men  because  of  class 
work  can  not  give  to  exceed  fourteen  months'  time  per  year 
to  Experiment  Station  work.  With  limited  time  and  the 
necessity  of  concentrating  attention  on  a  few  definitely 
approved  projects,  the  output  along  practical  lines  falls 
short  of  public  demand.      More  help  is  needed. 

Specific  investigations  should  be  undertaken  on  the 
woolly  aphis  of  the  apple,  orchard  leaf-rollers,  red  spiders.  • 
strawberry  root  weevil,  aphid  control,  budmoth;  on  nicotine 
substitutes,  oil  sprays  and  soil  insecticides.  Studies  on  the 
stem  maggot  of  wheat,  wire  worms,  cranberry  insects,  the 
destructive  introduced  earwig,  the  imported  satin  moth, 
and  the  root  maggots  of  vegetables  should  also  be  made 
possible.  The  zoologist  should  be  given  means  lo  investi- 
gate destructive  rodents,  particularly  the  field  mice  of  the 
Yakima  country. 

DIVISION    OF    FARM    CROPS 
E.  G.  Schafer  in  Charge 
Varietal  and  Cultural  Experiments. 

The  growing  of  varieties  of  wheat,  oats,  barley,  rye,  flax 
and  peas  under  uniform  conditions  in  order  to  determine 
their  comparative  development  and  value  was  continued. 
The  acre  yield   for   1920  and   the   average   for  a   seven-year 
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period   are    given   in   pounds   and   bushels    in   the    following 
table : 

TABI^E— AOBE  TIBLD  Or  LSADOTO  VAHIBTIES  OF  FIELD  CROPS  OH  THE 

aOU^BOE    FASH    AT    PlTmiAM,    WABHIMOtOM 

'Wtih.  7-jir.  At. 

VHielr. _                            Ko.    _             _19!0      __  1914-1«0_ 

lb>,           bu.  Ib«.            bn. 

Hybrid    128— Wlnior    591          3120          62.0  2598            43.8 

Bln»«em— Bpring 2SG          2328          38.8  240«            40.1 

Tark«i     Bed — Winter    „ 3ZS          SI08          61.8  2834            38,» 

EftriT    B.rt— Sprine    618          2910          48.B  2136          b36.< 

Binnar— Omt> 764          3S16        103.6  2838            88.T 

While   Winter— Birlay    867          4378          91.2  S654          »6B.3 

Bflldi — Bprioi   Bwley    9«T         370B          77.2  32T4            (8.2 

Tellow^-Kii 895          2139          38.2  1585            28.3 

BkiiKKlI*— Phi     666          2466          41.1  1830            80.E 

Minn.    No.    25 — Fl»i ^S^K. .      ..^"^            ^-^  **^         ''^^* 

The  first  two  varieties  of  wheat  are  grown  in  regions 
which  have  more  than  16  inches  of  rainfall,  while  the  second 
two  varieties  predominate  in  those  areas  with  less  than  that 
amount. 

The  experiment  in  which  various  combinations  of  wheat, 
oats,  barley  and  peas  were  grown  as  mixtures  was  discon- 
tinued with  the  1920  crop.  More  pounds  of  grain  were 
obtained  with  wheat  alone  than  with  any  combination  of 
crops   seeded   together. 

The  experiment  on  date  of  seeding  winter  wheat  and  also 
the  cultural  experiments  of  Field  VI  are  being  continued. 
Twenty  years'  results  from  the  cultural  experiment  on  this 
field    were    published    in    Bulletin    No.    160  of   this    station. 

Crop  Improvement  Investigations. 

A  special  study  of  bunt  (Tilletia  tritici)  resistance  in 
wheat,  resistance  to  covered  smut  (Ustilago  levis)  in  oats, 
and  covered  smut  (Utilago  hordei)  in  barley  was  made  in 
the  search  for  suitable  material  for  hybridizing.  More  than 
1200  strains  were  tested  for  resistance,  and  at  the  .same 
time  this  material  was  studied  for  other  characters  of 
interest. 

The  work  in  inheritance  of  bunt  resistance  conducted 
during  the  year  includes  the  third  generation  of  two 
crosses.    Forty    Fold    X    Turkey    and    Forty    Fold    X    Red 
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Russian,  as  well  as  selections  of  other  crosses  in  the  fourtli 
and  fiftli  generations.  The  results  of  the  smut  work  in 
wheat  since  1914  were  summarized  and  submitted  to  the 
Journal  of  Agricultural  Research  for  publication. 

Spring  habit,  glume  and  grain  color,  pubescence  of 
chaff,  and  awnlessness  in  wheat  are  being  investigated  in 
respect  to  their  genetic  relationships. 

Species  hybrids  are  being  made  in  connection   with  ster- 
ility studies  conducted  in  co-operation  with  the  Maine  Agri- 
ciiltitral  Experment  Station. 
Forage  Investigati(»is : 

The  forage  nursery  of  alfalfa,  clover,  peas,  beans,  sun- 
flowers and  grasses  has  been  enlarged  to  include  a  number 
of  varieties  of  grasses  from  the  United  States  Department 
of  Agriculture.  The  main  object  of  the  work  is  to  deter- 
mine the  comparative  values  of  forage  crops  and  the  metho<ls 
necessary  to  obtain  maximum  production. 

The    experiments    with    sunflowers    have    been    expanded 
to  determine  the  distance  apart  that  they  should  be  grown 
for  seed  and  silage. 
Crop  Rotations: 

This  experiment  to  determine  the  effects  of  various  crops 
upon  the  growth  of  the  succeeding  crops,  and  to  work  out 
a  cropping  sj'Stem  for  permanent  agriculture  in  the  Palouse 
country  is  being  continued. 
Distribution  of  Seed  and  Bacteria  Culture : 

Twenty-five  tons  of  pure- seed  were  distributed  to  150 
farmers  in  23  counties  of  Washington.  In  co-operation  with 
the  Division  of  Itacteriologj',  bacteria  culture  was  sent  to 
1031   parties  and  went  to  every  county  in  the  state. 


"      DIVISION  OF  FARM   MANAGEMENT 
Geo.  Severance  in  Charge 
The  Cost  of  Milk  Production 
and  Dairy  Farm  Organization : 

The  Division  of  I'arm   Management  has  continue 
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on  "Tile  Cost  of  Milk  Production."  Usable  records  were 
secured  from  91  dairy  farms  in  Whatcom,  Snohomish, 
Pacific  and  Wahkiakum  Counties  in  the  fall  of  1920  and  the 
residts  tabulated. 

One  thousand  five  hundred  and  two  cows  produced  10.148,- 
381  pounds  of  milk  at  an  average  cost  of  $2,88  per  100  pounds 
delivered  at  the  local  plant  or  shipping  point.  The  costs  on  dif- 
ferent farms  ranged  between  $1.94  and  $4.39  per  100  pounds.  It 
was  found  that  "iHifo  was  produced  at  costs  ranging  between 
$2.53  and  52.92  per  100  lbs.  Feed  constituted  48.31%  and 
man  labor  24.2%  of  the  total  cost.  From  the  data  secured, 
the  production  of  100  pounds  of  milk  was  found  to  re<|uire 
the  following  quantities  of  the  measurable  factors  of  pro- 
duction: 18.78  pounds  of  grain,  43.13  pounds  of  hay.  49.5 
pounds  of  silage,  5.6  pounds  of  roots  or  kale,  .0''3  months 
of  pasture  and  2.19  hours  of  man  labor.  If  local  price's  are 
applied  to  these  quantities  and  the  sum  multiplied  by  1.378, 
it  is  believed  that  the  result  will  approximate  the  average 
cost  of  production.  A  mimeographed  summary  was  sent  to 
the  co-operators.  The  survey  is  being  repeated  after  which 
the  two  years'  records  will  be  summarized  and  publishe<l. 

Studies  on  Cost  of  Wheat  Production  and 
Grain  Farm  Organization  in  the  Palouse: 

Studies  on  the  Cost  of  Wheat  Production  and  Grain  {■"arm 
Organization  in  the  Palouse  conducted  in  co-operation  with 
the  Office  of  Farm  Management  of  the  United  States  Depart- 
ment of  .Agriculture  and  the  University  of  Idaho  were 
continued.  The  22*.)  usable  records  gathered  and  partially 
tabulated  in  the  .summer  of  1920  by  the  co-operating  parties 
were  completed  by  the  Office  of  Farm  Management  and  a 
multigraphed  report  issued  to  the  co-operating  farmers.  The 
survey  was  repeated  during  the  summer  of  1921  and  the 
Office  of  Farm  Management  is  tabulating  the  data.  The 
survey  will  be  repeated  in  the  summer  of  1922,  after  which 
results  will  be  published. 

The  first  preliminary  report  of  this  study  showw  that  the 
81 

D.n.iized  by  Google 


average  cost  of  producing  winter  wheat  in  1919  was  $1,63 
per  bushel  on  owned  farms  and  $1.40  on  tenant  farms,  and  of 
spring  wheat  $1.83  per  bushel  on  owned  farms  and  $1,54  on 
tenant  farms,  the  cost  of  winter  wttieat  on  different  farms 
ranging  from  $0.70  to  $4.00  per  bushel  and  spring  wheat  from 
$0.80  to  $4.00  per  bushel.  Of  all  winter  wheat  included  in 
the  study,  86%  was  produced  for  $1.90  or  less  per  bushel. 
Eleven  and  eight-tenths  per  cent  cost  over  $2.00  per  bushel, 
while  4.2%  cost  over  $2.50  per  bushel.  Eighty-five  and  four- 
tenths  per  cent  of  spring  wheat  was  produced  for  $2,20  or 
less  per  bushel  while  4,8%  cost  over  $2.50  per  bushel. 

The   preliminary  report   shows   the   following  basic   acre 
requirements  for  producing  Wheat: 

_—       _         _      ~-  ^_  Winter  Whut 
Winter  Whe»t  Winter  Wbe«t      after  other 
OP  fallow      oapeBtHmnd         erepg  SpriacWlmt 


The  study  indicates  a  material  reduction  in  the  cost  of 
producing  wheat  where  peas  are  grown  on  the  summer  fal- 
low and  also  where  heavier  yields  are  secured  through  good 
farming  methods. 

On  farms  operated  by  owners,  the  average  investment 
was  $45,978,  labor  income  $1766  and  value  of  living  secured 
from  the  farm  $688.  On  tenant  farms  the  tenants'  average 
investment  was  $4596,  labor  in«Mne  $2420  and  value  of 
living  secured  from  the  farm  $558.  Owners  of  rented  farms 
secured  an  average   return  of  4.9%  on  their  investment. 

This  Division  co-operated  with  the  Office  of  Farm 
Management  in  securing  general  farm  survey  records  from 
over  250  logged-off  land  farms  in  Western  Washington 
during  August,  September  and  October,  1921.  The  data 
is  being  tabulated  by  the  Office  of  Farm  Management. 

.-\  two-year  cost  of  milk  production  study  will  be  made 
in   Spokane   County   beginning  with   the  fiscal  year   1921-22 
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to  supplement  the   Western   Washington   study   on   account 
of  the  marked  contrast  in  climatic  conditions. 

The  Cost  of  Production  and  Fann  Organization  Studies 
should  be  extended  to  include  the  principal  types  of  farming 
and  the  major  crops  and  livestock  enterprises  of  the  entire 
state.  That  such  a  program  -may  be  followed  there  should 
be  funds  for  at  least  one  full-time  investigator  on  the 
Experiment  Station  Staff  and  one  clerk. 


DIVISION  OF  HORTICULTURE 
O.  M.  Morris  in  Charge 

Five  projects  were  given  attention  during  the  year.  The 
project  "Orchard  Pollination"  was  formally  reported~on  in 
Experiment  Station  Bulletin  No.  163.  The  work  in  this 
field  has  not  been  completed,  but  enough  has  been  done 
to  answer  many  of  the  pressing  questions  of  Importance 
to  the  apple  growers  of  the  state.  This  report  shows  that 
nearly  all  of  the  common  varieties  of  apples  grown  in  the 
state  arc  partially  or  entirely  self-sterile.  The  blossoming 
dates  of  the  more  common  varieties  are  given  and  can  be 
used  as  a  basis  for  the  selection  of  the  inter-pollinating 
varieties.  Work  on  the  June  Drop  and  its  causes  also 
was  reported.  It  was  shown  that  lack  of  complete  fertiliza- 
tion of  the  blossoms  is  a  contributing  factor  in  June  Drop. 
Furher  work  on  this  project  will  be  done  as  soon  as  oppor- 
tunity permits. 
Apple  Rosette: 

Apple  rosette  is  fast  disappearing  from  the  commercial 
orchards  of  Washington.  This  is  especially  true  of  orchards 
that  have  been  planted  to  leguminous  cover  crops.  Some 
of  the  older  orchards  which  have  not  received  cover  crop 
treatment  still  show  some  evidence  of  the  disease  but  usually 
less  than  five  years  ago.  The  continuous  irrigation,  use  of 
fertilizers  and  pruning,  have  undoubtedly  been  factors  in 
eliminating  the  trouble.  In  the  cover  cropped  orchards  the 
trouble   is   sometimes   found   on   a   few    twigs   in    the   apple 
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tree  but  seldom  to  a  destructive  degree.  So  completely 
has  the  soil  improvenient  practice  of  fruit  growing  districts 
overcome  this  difficulty  that  it  has  at  present  dropped  dis- 
tinctly into  the  background  and  is  not  now  receiving  any 
considerable  amount  of  attention  from  the  fruit  growers. 

Orchard  Cover  Crops: 

Investigational  work  in  orchard  cover  crops  has  been 
carried  into  three  of  the  principal  fruit  growing  districts 
of  the  state:  the  Spokane  Valley,  Chelan  County  and  the 
Yakima  Valley.  Fertilizer  plots  in  the  orchards  of  the 
Spokane  Valley  indicated  that  none  of  the  common  fertilizers 
used  were  of  any  particular  value  to  these  orchards.  The 
indications  were  that  conditions  other  than  lack  of  plant 
food  materials  were  of  primary  influence  in  retardinj^  the 
development  of  the  orchards. 

The  combination  of  cover  crops  and  nitrogen-bearing 
fertilizers  gave  indications  of  improvement  in  tree  growth 
and  fruit  production. 

Hairy  or  winter  vetch,  field  peas,  red  clover  and  alfalfa 
have  been  used  successfully  as  cover  crops  in  the  valley. 
Very  gratifying  results  have  been  obtained  with  the  use  of 
vetch,  field  peas  and  clover.  The  work  with  alfalfa  has 
not  yet  furnished  a  basis  for  a  positive  statement  as  to  its 
value  in  the  Spokane  Valley.  The  results  indicate  that 
the  cover  crop  should  remain  on  the  ground  during  the 
entire  summer  season.  Much  remains  to  be  done  before 
po--iitive  statement.*  can  be  made  relative  to  the  best  nuhods 
of  handling  these  crops  in  the  type  of  .wil  existing  in  this 
section. 

In  the  Wcnatchee  and  Yakima  districts  nitrogen-bearing 
fertilizers  are  the  only  fertilizers  that  have  con.«istently 
given  improvement  in  tree  growth  or  crop  production.  Some 
.soils  have  not  responded  to  them  or  any  other  fonn  of 
fertilizer  \v;hen  added  in  concentrated  form.  The  physical 
condition  of  soil  appears  to  be  more  definitely  the  limiting 
factor  of  its  possible  crop  production  than  is  the  plant  food 
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content.  In  these  sections  alfalfa  has  gained  most  favor 
as  a  cover  crop.  Some  few  orchardists  have  had  good 
results  with  clover  and  some  with  hairy  vetch.  It  seems 
clear,  however,  that  the  vetch  and  clover  are  much  more 
limited  in  their  adaptability  to  cover  crop  uses  in  these 
districts  than   alfalfa. 

Methods  of  cover  crop  handling  vary  so  greatly  in  their 
tendency  to  maintain  a  good  crop  or  to  destroy  it  that 
there  is  great  need  for  careful  study  and  investigation  ot 
the   possible   lines   of   practice. 

Fruit  Storage. 

The  fruit  storage  work  to  bring  to  light  the  influences 
existing  during  the  growing  season  that  are  most  prominent 
in  modifying  the  keeping  qualities  of  the  fruit  produced 
have  been  continued.  This  has  proceeded  far  enough  to 
indicate  that  there  is  a  great  deal  of  misunderstanding 
as  to  when  a  fruit  is  mature  or  ready  to  harvest  for 
storage  purposes.  Fruit  permitted  to  remain  on  the  trees 
purely  for  the  purpose  of  obtaining  a  high  color,  lost 
keeping  quality  when  compared  to  that  gathered  earlier. 
The  data  at  hand  indicate  that  the  degree  of  maturity 
attained  and  the  temperature  to  which  the  fruit  has  been 
exposed  during  the  last  few  days  or  weeks  prior  to  harvest, 
may  combine  to  exert  a  great  influence  over  its  keeping 
quality.  The  data  on  the  temperature  through  which  the 
fruit  has  grown  to  maturity  give  such  conflicting  results 
in  the  storage  life  of  the  fruit  that  it  is  evident  that  there 
are  other  factors  of  very  great  importance  involved  in  the 
problem. 
Seed  Potato  Production: 

Work  in  seed  potato  production  has  now  been  carric<l 
on  through  the  second  summer.  Five  varieties  are  being 
iise<l.  Several  strains  of  each  variety  have  been  obtained 
and  planted  on  the  Experiment  Station  grounds.  In  the 
summer  of  1920  there  were  22  different  .strains  of  Xetted 
Gem.  four  of  Rural   New   Yorker,  eight  of  Earliest  of   .All. 
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seven  of  Burbank,  three  of  American  Wonder,  and  three 
of  Gold  Coin,  In  the  work  for  1921  the  Gold  Coin  was 
dropped  from  the  list.  In  securing  these  lots  an  attempt 
was  made  to  get  seed  from  the  best  crops  available.  The 
variation  in  the  productivity  of  the  different  lots  is  indicated 
in  the  Netted  Gem.  The  plot  number  and  yields  in  pounds 
per  acre  were  as  follows : 
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This  material  was  collected  from  widely  different  sources. 
Part  of  it  came  from  Southwest  Washington,  Western 
Oregon,  Central  Washington,  Eastern  Washington  and 
Idaho.  A  few  of  the  plots  were  from  material  grown  on 
the  Experiment  Station  at  Pullman  in  1919..  The  yield  of 
these  plots  relative  to  each  other  ranked  approximately  the 
same  as  in  the  summer  of  1919.  The  work  has  not  been 
conducted  long  enough  to  form  a  basis  for  stating  that 
any  one  locality  produces  seed  potato  material  of  superior 
quality.  The  indications  are,  however,  that  superior  pro- 
ducing material  in  one  locality  will  also  show  that  same 
characteristic  when  planted  in  another  district  in  different 
soil  and  climatic  environments. 


Needs  of  the  Division: 

Because  of  the  large  acreage  devoted  to  fruit  and  the 
heavy  investment  in  fruit  production,  it  is  extremely  important 
that  opportunity  in  time  and  funds  be  given  for  investi- 
gating the  many  problems  that  confront  the  fruit  grower 
today  and  are  likely  to  be  encountered  in  the  future. 

The  heavy  loss  sustained  each  year  as  a  result  of  winter 
injury  to  the   root   system   of   trees    is   sufficient    cause    for 
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alarm.  Exhaustive  investigation  should  be  made  of  the 
possibilities  of  obtaining  a  more  hardy  stock  and  of  develop- 
ing methods  of  orchard  management  that  would  reduce 
such  loss  to  a  minimum. 

Investigations  should  be  made  to  determine  the  methods 
of  pruning  and  orchard  management  which  will  contribute 
most  to  regularity  of  crop  production  and  improvement  of 
grade  or  size  of  fruit.  The  small  apple  is  a  serious  handicap 
to  the  fruit  growers  and  it  does  not  seem  probable  that 
the  regularity  of  crop  production  and  the  size  of  the  fruit 
can  be  controlled  entirely  by  common  systems  of  pruning 
and  soil  management. 

Investigational  work  to  assist  the  peach  growers  in 
carrying  their  trees  through  the  winter  and  late  spring 
in  such  condition  as  to  avoid  as  far  as  possible  the  danger 
of  late  spring  frosts  should  be  continued.  The  peach  crop 
is  so  frequently  destroyed  by  late  spring  frosts  that  the 
growers  suffer  severely  in  crop  production  and  the  consumer 
in  the  price  of  the  fruit. 

Grape  growing  is  a  developing  industry  in  the  state. 
Studies  of  varieties,  methods  of  propagation,  tillage  methods 
and  systems  of  pruning  and  training,  are  all  of  importance 
and  should  be  given  attention  by  the  Experiment  Station. 

Interest  in  nut  growing  is  increasing.  To  determine  the 
adaptability  of  varieties,  the  degree  to  which  they  are  self- 
sterile  or  self-fertile,  and  the  adaptability  of  the  district  and 
systems  of  orchard  management  by  means  of  commercial 
plantings  is  an  expensive  operation  for  the  individual.  In- 
vestigational work  would  be  of  much  value  along  these 
lines. 

Vegetable  seed  production  in  the  United  States  has 
become  a  matter  of  very  considerable  importance  since  the 
World  War.  The  climate  and  soil  of  Washington  have 
given  promise  of  conditions  favorable  to  the  development 
of  that  industry.  Careful  investigation  of  methods  and 
practices  involved  are   needed. 
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Methods  of  management  of  cranberry  bogs  is  of  vital 
importance  to  those  engaged  in  this  industry.  The  cran- 
berries in  the  northwest  are  produced  under  methods  entirely 
different  from  those  in  the  older  cranberry  sections.  Just 
what  methods  should  be  followed  is  still  an  open  question 
to  be  decided  only  through  careful  investigations. 


DIVISION  OF  PLANT  PATHOLOGY 

F.  D.  Heald  in  Charge 
Wheat  Smut: 

The  study  of  the  relation  of  spore  load  of  individual 
grains  to  the  per  cent  of  smut  in  the  crop  was  continued. 
Samples  of  spring  wheat  showing  different  varieties  and 
varying  quantities  of  smut  were  obtained  direct  from 
farms  or  warehouses.  Spore  counts  showed  0  to  20,176 
spores  per  grain.  The  maximum  per  cent  of  smut  was  20, 
while  a  considerable  number  of  plantings  remained  smut- 
free,  even  though  the  spore  counts  showed  considerable 
smut.  The  results  showed  that  considerable  of  the  smut 
on  the  seed  must  have  lost  its  infective  power.  Numerous 
samples  showing  100-500  spores  per  grain  remained  smut- 
free.  The  experiments  again  point  to  the  conclusion  that 
such  resistant  varieties  as  Marquis,  when  seeded  in  the 
spring  will  rarely  have  sufficient  smut  to  justify  the  expense 
of  seed  disinfection, 

A  niore  extensive  test  was  made  of  the  relation  of  the 
spore  load  to  the  per  cent  of  smut  appearing  in  the  crop. 
using  six  spring  varieties,  with  artificial  smutting  varying 
from  0.005  grams  to  3  grams  of  powdered  smut  per  100 
grains  of  seed.  Twelve  different  degrees  of  smutting,  varying 
from  a  few  hun<lred  spores  per  grain  to  a  maximum  of 
27S,C00  were  used  for  each  sample.  The  per  cent  of  smut 
obtained  in  the  crop  was  generally  higher  than  in  similar 
degrees  of  smutting  of  farm  infected  samples.  These 
studies  have  made  it  possible  to  predict  by  microscopic 
analyses  the  per  cent  of  smut  which   will  appear  in  spring 
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seedings,  when  seed  disinfection  is  omitted,  and  wMll  indicate 
when  the  ommission  is  practical. 

The  promising  results  obtained  with  the  l/I  bUiestone 
treatment  in  preventing  smut  from  naturally  contaminated 
summer  fallow  led  to  special  tests  to  the  effect  of  this 
treatment  on  the  per  cent  of  germination.  Six  varieties 
were  used :  Early  Bart,  Bluestcm,  Hybrid  143,  Little  Club, 
Jenkins  Club  and  Marquis.  The  per  cents  of  germination 
of  the  1/1  bluestonc-treated  seed  ranged  from  46.5  to  76.5. 
Presoaking  did  not  seem  to  be  of  any  value  in  this  method 
in    reducing   seed    injury. 

The  following  seed  treatments  were  tested  on  two 
varieties  of  spring  wheat  that  had  been  heavily  smutted; 
Hypoform,  chlorophol.  copper  carbonate  (hist,  anhydrous 
copper  sulphate  dust,  bluestone  1/1  sprinkle.  sul])hur  and 
formaldehyde.     Perfect  control  was  secure<l  by  the  following: 

1.    HjT)o*o™_ lib.    W    5__^5ilii.    w«lef  ^0  mmulM 

3.    Copper 

5.    Snlphui- 

.Seed  treated  with  formaldehyde  1  lb.  H)  40  gallons  water 
and  the  bluestone  1/1  sprinkle  gave  traces  of  smut.  There 
was  practically  no  reduction  in  germination  In  the  case  of 
hypoform.  chlorophol,  copper  carbonate  dust  and  anhydrous 
copper  sulphate  treatments. 

Field  tests  secured  by  the  Extension  Plant  Pathologist 
point  to  the  probable  value  of  the  copper  carbonate  dust 
treatment  in  reducing  the  smut  from  soil  contamination. 
Present  information  will  ju.stify  the  conclusion  that  the 
copper  dust  treatments  are  as  etTective  as  either  formaUle- 
hyde  or  the  bluestone  steeps,  more  convenient  to  use  and 
le.is  injurious  to  the  seed. 

The  Foot  Rot  of  Wheat: 

The  increasing  severity  of  the  foot-rot  of  wheat,  a  trouble 
first  reported  in  tJiis  state  in  1918.  has  led  to  the  establish- 
ment of  a  co-operative  project  with  the  Cereal  Office  of  the 

39 


.lph»t., . 

nhydt 
one 

«ai  one  p.rl.   ^ 

lized  by  Google 


U.  S.  Department  of  Agriculture.  The  past  seasons  work 
included  field  surveys  to  obtain  data  on  severity,  distribu- 
tion and  the  possible  relations  of  climatic  factors  and  cul- 
tural practices  to  occurrence  of  the  disease. 

The  foot-rot  was  found  in  severe  form  in  at  least  40 
per  cent  of  the  4000  acres  of  winter  wheat  in  the  Spokane 
Valley,  and  traces  were  found  in  a  number  of  outlying 
districts.  Many  fields  were  so  severely  affected  as  to 
necessitate  cutting  for  hay,  and  others  which  were  allowed 
to  mature  showed  30  to  50  per  cent  reduction  in  yield. 
No  definite  relation  of  soil,  time  of  seeding  or  variety  to 
the  occurrence  of  the  disease  was  established,  Jones'  Winter 
Fife  and  Gold  Coin  or  Forty  Fold  were  the  varieties  most 
generally  grown   in  the  affected  regions. 

A  fungus  has  been  found  in  constant  association  with 
the  characteristic  basal  lesions.  Repeated  isolations  have 
been  made  but  all  of  the  cultures  have  remained  sterile, 
and  no  sporulating  form  has  been  connected  with  the  disease 
in  the  field. 

P'ield  experiments  have  been  started  in  the  Liberty  Lake 
section  to  test  the  eiTect  of  fertilizers,  periodic  seeding,  the 
comparative  resistance  of  varieties,  the  effect  of  physical 
characters  of  the  soil  and  the  possible  relation  of  biologic 
factors. 

Rhizoctonia    Diseases: 

The  work  on  this  project  was  confined  to  the  study  of 
the  western  blight  or  yellows  of  the  tomato.  Diseased 
plants  were  secured  from  the  vicinity  of  Pullman  and 
Clarkston,  Washington  and  Lewiston,  Idaho.  A  laboratory 
study  was  made  of  these  plants  and  isolation  cultures  were 
made  from  the  root  system  of  each  plant.  Thirty  diseased 
plants  in  all  were  studied  in  this  way.  The  mycelium  of 
Rhizoctonia  in  greater  or  less  abundance  was  easily  found 
on  the  root  systems  of  26  plants,  none  of  this  fungus  being 
found  on  the  other  four  plants.  Typical  Rhizoctonia  was 
obtained   in   pure   culture   from   but   two  plants.       From  26 
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plants  two  species  of  Fusarium  were  secured  in  pure  culture. 
No  isolations  were  secured  from  three  plants  because  of 
contaminated  culture. 

Failure  to  secure  cultures  of  Rhizoctonia  from  each  plant 
showing  the  fungus  by  macroscopic  or  microscopic  exam- 
ination was  without  doubt  due  to  the  difficulty  of  separating 
this  sterile  mycelium  from  sporulating  species.  The  results 
of  the  isolations  together  with  the  microscopic  examinations 
show  that  both  Rhizoctonia  and  Fusarium  are  present  on 
the  root  systems  of  diseased  plants  and  suggest  their  com- 
bined action  in  producing  the  blight.  grom  these  plants, 
two  from  Pullman  and  one  from  Clarkston,  the  cultures  of 
Fusarium  did  not  prove  to  be  pure  cultures.  The  fruiting 
stage  of  a  Melanospora  appeared  in  these  cultures  when 
they  were  two  or  three  weeks  old.  The  Fusarium  produces 
a  condition  of  the  culture  medium  necessary  before  the 
fruiting  stage  of  the  Melanospora  will  develop.  In  a  like  manner 
it  is  entirely  possible  that  the  Fusarium  developing  with  the 
Rhizoctonia  produces  substances  or  a  condition  which  is 
necessary  before  the  Rhizoctonia  fungus  can  cause  the 
disease  under  investigation.  Work  is  in  progress  to  deter- 
mine if  such  a  relation  does  exist  between  these  two  fungi. 
The  study  is  expected  to  throw  some  light  on  or  make 
possible  an  explanation  of  the  baffling  results  secured  in 
former  years  by  artificial  inoculation  in  the  field.* 

The  Plant  Disease  Survey: 

This  work  has  been  continued  as  in  former-  years  with 
the  co-operation  of  the  Plant  Disease  Survey  Office  of  the 
U.  S.  Department  of  Agriculture.  This  co-operation  made 
possible  summer  survey  trips  by  the  staff,  The  foot-rot 
disease  of  wheat  was  present  in  epidemic  form  in  Spokane 
County  and  also  occurred  with  less  severity  in  Klickitat 
County.  A  detailed  survey  in  Spokane  County  was  carried 
out    during    the    past    summer    to    determine    definitely    the 

*H«ld.  F.  D.  nd  Vsnu  W.  Pool.  Tli«  loRnanes  of  the  chsmicsl  ■tlmnlitton 
upon  Iht  pradnctkn  of  p»Tll)i»ci»  bjr  Uelaaoapors  pamp^ins  Ann.  Rep.  Neb.  Agr. 
Eip.  Sti.  SZ.  130-132  1SD9. 
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extent  of  the  trouble  and  experimental  work  undertaken   as 
reported   elsewhere. 

The  apple  industry  in  the  White  Salmon  Valley  was 
found  to  be  seriously  menaced  by  the  anthracnose  disease. 
A  considerable  acreage  of  the  Spitzenburg  variety  has  been 
rendered  unprofitable  and  will  eventually  have  to  be  removed 
because  of  this  trouble. 

Head  smut  of  corn  has  been  reported  during  the  past 
season  from  Central  Washington.  This  is  a  new  locality 
for  this  disease  which  is  capable  of  attacking  sorghum  also. 
Cane  gall  on  blackberry  and  raspberry  occurred  in  severe 
form  in  Western  Washington.  Snapdragon  rust  was  reported 
as  severe  from  new  localities.  The  Sclerotinia  wilt  of  sun- 
flower was  reported  as  destructive  on  artichoke  as  well  as 
sunflowers  in  Western  Washington.  An  interesting  case 
was  reported  from  the  Walla  Walla  section  of  silvering  of 
the  foliage  on  the  prune  due  to  injury  from  the  low  tem- 
peratures during  the  fall  of  1919. 

The  following  new  diseases  have  been  reported :  Head 
smut  of  proso  or  hog  millet  (Ustilago  panici  milacei'J. 
nematode  disease  on  carrot  and  strawberry,  root  knot  of 
straw:berry,  and  the  Rhizoctonia  disease  of  watermelon. 

The  expected  has  happened  and  that  dread  disease  of 
the  pine,  the  blister  rust,  has  been  reported  to  be  widely 
distributed  on  black  currants  in  Southern  British  Columbia 
and  has  been  reported  as  far  south  as  Mt.  Vernon,  Wash- 
ington. This  now  stands  as  a  present  menace  to  the 
extensive  forests  of  the  five-needle  pines  on  the  Pacific 
Coast. 

During  the  year,  660  specimens,  accompanied  by  inquiries, 
were  received  for  diagnosis.  It  is  interesting  to  note  that 
in  the  last  seven  years,  the  Department  of  Plant  Pathology 
diagnosed  735  different  diseases  on  165  different  economic 
hosts. 
Some  Needs  of  the  Division  of  Plant  Pathology: 

In  order  that  the  Division  may  more  effectively  serve  the 
state,  the  especially  pressing  needs  are  as  follows: 
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1.  Increased  funds  for  the  publication  o(  work  already 
completed. 

2.  Additional  man  power  for  the  prosecution  of  inves- 
tigations already  in  progress,  and  also  for  new  work  that 
should  be  undertaken. 

3.  The  provision  of  adequate  greenhouse  facilities  to 
make  possible  especially  the  growing  ol  experimental  plants 
under    controlled    temperatures. 

4.  More  funds  for  operating  expenses.  Present  resources 
make  impossible  the  carrying  out  of  research  problems  at 
points  distant  from  the  Experiment  Station. 

5.  Increased  library  facilities  by  the  addition  of  much 
needed  reference  books  and  sets  of  standard   periodicals. 

Some  of  the  more  important  disease  problems  that  need 
special  investigation  are  as  follows: 

1.  The  collar  or  crown  rot  of  fruit  trees,  especially 
apples. 

2.  The  California  blight  of  cherry,  peach,  apricot  and 
plum;  etiological  and  control  studies. 

3.  The  control  of  apple  tree  anthracnose  with  special 
studies  of  dissemination. 

4.  Dusting  vs.  spraying  for  the  control  of  fruit  diseases. 

5.  Laboratorj-  and  field  studies  of  the  efficiency  of 
commercial  fungicides  with  special  reference  to  control  of 
fruit   diseases. 

6.  The  fungous  diseases  of  the  cranberry  and  their 
control, 

7.  The  etioJog}'  and  control  of  cane  gall  of  blackberry. 

8.  Bacterial  blight  of  the  raspberry.  Study  of  the  mor- 
phology and  pathogenicity  of  the  causal  organism,  and  the 
etiology  of  the  disease. 

9.  The  degeneration  diseases  of  the  potato,  with  special 
reference  to  seed  production. 

10.  Market  and  transportation  diseases  of  lettuce. 

11.  Market  and  transportation  diseases  of  onions  with 
special  reference  to  neck  rot  and  slimy  soft  rot. 

12.  Market  and  transportation  diseases  of  the  potato. 
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DIVISION  OP  SOILS 
P.  J.  Sievera  in  Charge 
Soil  Nitrate  Studies: 

Confirmatory  of  previous  results  from  tillage  work  which 
showed  available  nitrogen  as  the  limiting  factor  of  soil 
fertility  on  soils  and  under  climatic  conditions  represented 
at  the  Experiment  Station  at  Pullman,  nitrate  of  soda  and 
ammonium  sulphate  fertilizers  produced  marked  increases 
in  the  yield  of  wheat  after  every  application  for  three  suc- 
cessive years.  Best  yields  were  obtained  from  spring 
applications  of  fertiliers  on  winter  wheat.  This  further 
emphasizes  the  fact  that  not  only  the  amount  of  available 
nitrogen  in  the  soil  but  also  the  proper  distribution  is 
important. 

Nitrogen  fertilizers  when  applied  with  straw  were  effec- 
tive in  overcoming  the  decreases  in  yields  of  small  grain 
so  commonly  experienced  when  these  are  grown  after  straw 
has  been  applied  alone.  Indications  are  that  these  fertil- 
izers have  the  same  effect  on  the  decomposition  of  straw 
and  produce  the  same  results  as  the  high  nitrogen  content 
of  virgin  soils  when  straw"  is  returned  to  them. 

Continued  work  on  the  effect  of  soil  nitrates  on  plant 
development  showed  that  under  field  conditions  where 
nitrates  were  not  limited  the  lightest  seeding  of  winter 
wheat  produced  the  greatest  amount  of  tillering.  Tillering, 
however,  was  not  strictly  inversely  proportional  to  the  rate 
of  seeding,  but  the  heaviest  seeding  produced  the  greatest 
number  of  culms  per  unit  area.  The  -number  of  culms  per 
acre  can  therefore  be  controlled  in  part  by  regulating  the 
rate  of  seeding,  a  matter  of  practical  importance  from  the 
standpoint  of  its  effect  on  lodging  and  "burning."  The 
rate  of  seeding  also  had  a  direct  bearing  on  the  size  of  the 
spikes  produced  to  the  extent  that  all  rates  within  the  limits 
of   this   experiment  produced  practically   the   same   yield. 

Work  on  the  effect  of  soil  nitrates  on  the  yield  and 
quality    of    wiheat    was    contini^ed    on    the    Adams    Branch 
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Station  at  Lind.  Soil  moisture  in  this  region  has  been 
the  limiting  factor  in  crop  production  to  such  a  pronounced 
degree  during  the  last  three  years,  due  to  an  abnormally 
low  rainfall,  that  variations  of  soil  nitrate  content  had  very 
little  if  any  influence. 

Crop  Rotati<MiB: 

Where  either  vetch  or  peas  were  used  as  a  green 
manuring  crop  the  following  crop  of  wheat  produced  not 
only  as  high  a  yield  as  good  summer  fallow,  but  the  wheat 
was  of  as  high  quality.  From  an  economic  standpoint,  as 
far  as  immediate  production  is  concerned,  green  manuring 
can  not  be  recommended. 

Peas   were   used   very   successfully   as   a   nurse   crop   for 
both  red  and  sweet  clover  even  under  conditions  where  the 
peas    wiere    harvested    for   seed   and    produced    30.3    to   2S.7 
bushels    per    acre    respertively.    -This    is    under    conditions   ' 
where  small  grain  nurse  crops  were  failures. 

Where  phosphorus  and  potassium  fertilizers  and  lime 
were  used  separately  and  in  combination  on  alfalfa,  no  in- 
crease or  variations  in  yield  were  obtained. 

Where  gypsum  was  used  on  alfalfa  in  the  spring,  an 
increase  in  yield  of  33%  was  obtained  the  same  season. 
Other  results  from  the  use  of  gypsum  indicate  that  the 
greatest  increases  are  not  obtained  the  first  year  and  con- 
sequently the  initial  application   should  be   made  earlier. 

Gypsum  produced  no  increase  when  applied  to  small 
grain  but  when  used  on  legumes  (alfalfa  and  red  clover) 
it  not  only  iftcreased  the  yield  but  produced  a  hay  of  higher 
nitrogen  content.  This  would  indicate  that  gypsum  here 
acts  as  a  stimulant  and  not  as  a  plant  food. 

Organic  Matter  Studies: 

Continued  work  on  the  return  of  straw  and  crop  residues 
to  soil  shows  that  the  nitrogen-carbon  ratio  in  the  materials 
returned  has  a  very  pronounced  influence  on  the  kind  and 
rate  of  decomposition.  Organic  materials  like  straw,  having 
a    wide    carbon-nitrogen    ratio    (1    to   75),    when    applied    to 

45 

D.n.iiffid  by  Google 


the  soil  will  produce  a  depressing  effect  on  the  nitrate 
development  and  such  effect  will  be  felt  until  there  has  been 
sufficient  decomposition  to  cause  this  ratio  to  approach 
that  of  the  organic  matter  in  the  soil  (1  to  13).  Before 
this  stage  of  decomposition  is  reached  nearly  all  of  the 
carbon  is  lost  as  carbon  dioxide  and  consequently  residues 
like  straw  cannot  be  depended  upon  materially  to  influence 
the  soil  organic  matter. 

Where  organic  matter  having  a  narrow  nitrogen- carbon 
ratio  (1  to  10)  like  legume  hay,  legume  green  manure  or 
legume  sod  is  incorporated  into  the  soil,  there  is  an  imme- 
diate and  rapid  nitrate  development.  There  is  also  less 
loss  of  carbon  dioxide  and  indication  of  greater  organic 
matter  maintenance.  The  resulting  high  nitrate  content  of 
the  soil  following  the  plowijng  of  a  legume  sod  frequently 
causes  lodging  or  "burning"  of  the  succeeding  grain  crop. 
When  straw  is  spread  on  such  sod  before  plowing,  this 
ciifliculty  can  be  largely  overcome  in  that  such  application 
regulates  the  rate  and  kind  of  decomposition  and  thus 
controls  the  nitrate  development.  This  practice  provides 
for  the  practicable  utilization  of  straw  for  the  maintenance 
of  organic  matter  and  at  the  same  time  distributes  the 
beneficial  effects  of  the  legume  crops  over  a  greater  number 
of  years. 
Soil  Survejrs: 

To  aid  in  the  land  settlement  program  this  division 
co-operated  with  the  State  Department  of  Conservation 
and  Development  by  making  several  soil  surveys  and  reports 
covering  the   projects  under  consideration  as  follows: 

6000  acres  near  Sequim   in   Clallam   County. 

4000  acres  near  Forks  in  Clallam  County. 

4CO0  acres  near  Ethel  in  Lewis  County, 
!JCO  acres  near  Twisp  in  Okanogan  County. 

1000  acres  near  Newport    in    Pend    Oreille    County. 
Miscellaneous  Work. 

About  700  samples  of  soil  sent  in  by  farmers  were 
tested  and  reports  wlere  made  concerning  their   fertility,   18 
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samples    of    marl    and    limestone    were    analyzed    and    108 
samples  of  soil  were  tested  for  alkali.      Several  soli  surveys 
of  small  tracts  were  made  for  private  concerns. 
Needs: 

The  plan  adopted  by  this  Division  of  solving  all  soil 
management  problems  as  they  relate  to  the  several  distinct 
agricultural  areas  into  which  this  state  is  naturally  divided 
by  soil  and  climatic  conditions  needs  greater  financial  support 
before  the  desired  service  can  be  given. 

A  systematic  program  of  agricultural  development  in 
the  State  of  Washington  is  at  present  limited  by  the  lack 
of  definite  information  concerning  specific  soil  types  and 
conditions  and  this  information  can  be  obtained  only  through 
a  detailed  soil  survey.  Results  from  such  a  survey  are 
essential  in  planning  and  applying  investigational  work  for 
lanils  already  under  cultivation  in  order  that  they  may  be 
made  more  productive  and  in  determining  agricultural 
suitability  of  lands  at  present  undeveloped  in  order  that 
unjustifiable  reclamation  expenditures  may  be  avoided. 

The  cost  of  such  a  survey  is  so  slight  as  compared  to  its 
value  to  any  land  development  program  that  the  first  step 
in  land  settlement  for  any  given  section  should  be  a  survey 
of  the  soil  types  of  that  area. 


DIVISION    OF   VETERINARY    SCIENCE 
J.  W.  Kalkus  in  Charge 
Goitre  and  Associated  Conditions 
in  Domestic  Animals: 

All  active  work  in  connection  with  investigation  of  this 
problem  was  discontinued  during  the  past  year.  General 
Bulletin  No.  156  entitled  "A  Study  of  Goitre  and  Asso- 
ciated Conditions  in  Domestic  Animals,"  was  published  in 
July,  1920.  This  publication  deals  in  detail  with  a  descrip- 
tion of  the  disease  together  w^th  results  of  experimental 
work  conducted  at  this  station,  1915  to  1920  inclusive.  The 
bulletin    is    profusely    ilhistrated    with    original    photographs 
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of    clinical    cases    occurring   in    various    species    of    animals 
and  microscopic  sections  of  thyroid  glands. 
Orchard  Horse  Disease: 

From  the  experiments  thus  far  conducted  in  the  inves- 
tigation of  this  disease,  evidence  seems  to  indicaite  that  in 
all  probability  lead  arsenate,  which  is  present  on  orchard 
hay,  is  responsible  for  this  condition  in  horses.  The  feeding 
of  orchard  hay  on  farms  has  been  largely  discontinued  and 
because  of  this  there  has  been  a  material  lessening  of  the 
number  of  cases  of  this  disease. 
Red- Water  (Csrstic  Haematuria)  in  Cattle: 

During  the  summer  of  1920,  the  Station  Veterinarian 
started  a  series  of  co-operative  experiments  with  farmers 
in  a  number  of  counties  west  of  the  Cascade  Mountains 
where  this  disease  is  prevalent  in  an  effort  to  determine 
the  value  of  certain  agents  in  the  treatment  of  red-water 
cows  by  irrigation  of  the  bladder.  The  results  of  this 
work  were  unsatisfactory  chiefly  because  of  the  fact  that 
stockmen  who  undertook  to  treat  their  cows  did  not  continue 
the  work  long  enough  to  warrant  any  conclusions  bein^ 
drawn.  The  results  of  this  work  were  so  variable  that 
they  do  not  warrant  publication. 


THE   ADAMS   BRANCH    EXPERIMENT   STATION 
M.  A.  McCall  in  Charge 

The  period,  I9I7  to  1921  inclusive,  during  which  exper- 
imental work  has  been  in  progress  on  the  Adams  Branch 
Experiment  Station  has  been  unusually  dry  and  unfavorable 
from  the  standpoint  of  crop  production.  The  average  annual 
rainfall  from  September  1st,  1916,  to  August  31st,  1921. 
which  covers  the  amount  available  for  crop  use  during 
this  period,  was  7.01  inches.  This  low  average,  when  com- 
pared with  an  average  of  11.87  inches  for  the  same  locality 
for  the  period  from  September  1st,  1897,  to  August  31st, 
1906,  emphasizes  the  severity  of  conditions  and  eliminates 
any  necessity  of  explaining  low  yields.      On  the  other  hand 
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these  severe  conditions  have  made  the  period  from  an  experi- 
mental standpoint  a  very  favorable  one,  and  because  the 
factors  responsible  for  crop  reaction  have  been  very  clearly 
defined  and  the  reaction  of  crops  to  differences  in  method 
or  treatment  has  not  been  masked  by  other  factors,  it  has 
been  possible  to  determine  certain  principles  involved  in 
moisture  conservation  which  have  not  heretofore  been  recog- 
nizd. 

The  investigational  work  on  the  Adams  Branch  Experi- 
ment Station  is  chiefly  concerned  with  cereals  and  cereal  pro- 
duction and  consists  largely  of  varietal  and  cultural  experi- 
ments with  those  cereals  best  suited  to  the  district,  and  with 
soil  studies  concerned  with  the  problems  of  dry  farming, 

Piecause  of  the  continuous  moisture  shortage,  yields  have 
been  low.  Kor  the  entire  five-year  period  the  varietal  experi- 
ments with  various  crops  have  resulted  in  the  following  as 
leaders : 

Winter  Wheal— Turkey   Red    (Wssh.   326) 

Spring  Wheot— E»rly   BaHt    {W«Bh.    618) 

Wtnler  Rye— Yellow  Vt.ii   Rumker    (Wash.   »95) 

Spring    Rye — Meiicdn    (Waah.    »92) 


Sptiny   Oai»— KheraoD    (Waih.    1019). 
Field    Peas— KuiBsr    (Wash.    554). .. 


Cultural  experiments  with  winter  wheat  have  shown  no 
consistent  advantages  from  harrowing  the  crop  in  the  spring, 
and  while  in  some  instances  the  harrowed  crop  has  equaled 
the  unharrowed  crop,  it  has  not  been  superior  and  in  many 
instances  has  been  less. 

The  most  important  experiments  conducted  on  the  sta- 
tion, and  those  giving  the  most  valuable  results,  are  those 
concerned  with  soil  moisture  and  summer-fallow  tillage. 
Results  have  been  secured  from  these  experiments  which 
are  fundamental  in  their  application  and  which  are  therefore 
of  special  value.  Briefly  the  summarized  data  from  these 
experiments  show  that : 

1.  During  a  period  of  scanty  precipitation  the  conserva- 
tion of  moisture  is  most  concerned  with  getting  a  natural 
supply   into  the  soil. 

2,  Contrary  to  former  opinion,  a  loose  surface  condition 
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of  the  soil  during  the  period  of  absorption  is  not  favorable 
to  moisture  absorption  for  the  type  of  climate  and  soil  found 
in  this  district. 

3.  A  loose  soil  condition  during  the  fall  is  particularly 
detrimental  in  saving  irtoisture  for  crop  use,  and  dry-fall 
tillage  especially  should  be  avoided. 

4.  When  a  loose  soil  is  detrimental  in  effect  on  moisture 
conservation,  the  degree  of  this  unfavorable  effect  is  directly 
proportional  to  the  depth  of  the  loose  soil, 

5.  The  more  dry  the  average  conditions  at  the  time  of 
tillage,  as  plowing,  for  instance,  the  more  shallow  should  be 
the  depth  of  tillage. 

6.  The  moisture  content  of  the  surface  soil  at  the  time 
of  tillage  influences  the  settling  of  the  stirred  soil  and  its 
consequent  degree  of  looseness.  With  a  higher  moisture 
content  the  greater  the  settling  and  the  deeper  the  tillage 
may  be.  This  should  be  considered  in  deciding  on  depth  for 
tillage. 

7.  Early  spring  gives  the  necessary  combination  of  condi- 
tions when  tillage  is  most  effective  in  promoting  both  mois- 
ture absorption  and  its  retention. 

Studies  on  the  quality  of  wheat  grown  on  the  various 
plats  of  the  summer  fallow  tillage  experiments  indicate 
that  the  nitrate-nitrogen  of  the  soil  after  the  year  of  fallow 
has  a  very  important  bearing  on  crop  quality,  especially 
when  the  crop  is  fall  sown,  and  to  a  less  degree  if  the  crop 
is  spring  sown. 


WATERVILLE  BRANCH  EXPERIMENT  STATION 

C.  E.  HiU  in  Charge 
The  Waterville  Branch  Experiment  Station  is  located  near 
Waterville  in  Douglas  County,  Washington.  It  is  operated 
under  a  co-operative  agreement  with  the  Office  of  Forage 
Crop  Investigations,  United  States  Department  of  Agri- 
culture. 

The   regions   served   by   this   station   are  the    wheat  pro- 
ducing   area    of    North    Central    Washington    and    similar 
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areas  having  an  annual  precipitation  of  about  12  inches, 
coming  mostly  during  the  winter  months. 

The  work  conducted  includes  the  investigation  of  different 
phases  of  the  production  of  adapted  crops  that  may  be 
grown  for  forage  and  their  relation  to  crops  that  are  grown 
for  other  purposes.  Particular  attention  is  being  given  to 
experiments  to  determine  the  best  crops  and  methods  of 
production  that  will  provide,  at  the  lowest  cost,  feed  for 
the  work  stock  necessary  to  carry  on  the  farm  operations  in 
the  production  of  wheat;  aiid  also  feed  for  other  farm 
animals  that  may  be  raised  to  supply  the  farm  needs  and 
the  local  or  any  outside  demand  for  animal  products.  In 
this  connection,  an  effort  is  being  made  to  reduce  to  a  min- 
imum the  cost  of  maintaining  the  necessary  stock  on  the 
station  and  to  determine  for  average  conditions  the  number 
of  acres  required  to  produce  this  feed  per  animal  unit. 

An  important  problem  to  be  solved  by  this  station  is 
that  of  determining  the  most  economical  method  of  providing 
pasture  for  stock  on  farms  having  little  or  no  natural  pasture. 
The  usual  practice  is  to  delay  the  time  of  plowing  on  land 
that  is  to  be  summerfallowed  and  to  pasture  the  stock  on 
the  growth  of  volunteer  wheat.  Experiments  have  been 
started  to  determine  the  value  of  this  pasture  when  charged 
to  the  reduction  in  the  yield  of  the  following  crop  of  wheat; 
and  to  see  if  cheaper  and  better  pasture  can  be  provided 
by  sowing  a  sufficient  area  to  small  grains. 

For  the  production  of  hay,  silage  and  grain,  the  best 
results  have  been  obtained  with  winter  wheat.  In  growing 
winter  wheat,  the  importance  of  clean  tillage  methods  and 
of  seeding  at  the  proper  time,  rate  and  depth,  is  indicated 
by  the  sesults  which  have  been  obtained. 

The  best  yields  of  hay,  silage  and  seed  have  been  obtained 
from  wheat  that  came  up  between  the  last  day  of  August 
and  the  last  of  September.  In  1921,  the  average  yield  of 
wheat  that  came  up  on  August  25  was  8623  pounds  of  air 
dry  hay  and  57.6  bushels  of  seed  per  acre.  A  stand  of 
wheat  could  be  obtained  at  this  time  only  on  ground  given 
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clean  tillage.  On  ground  given  ordinary  poor  tillage,  a 
stand  could  not  be  obtained  until  after  a  rain  and  the  grain 
did  not  come  up  until  October  8.  Wheat  sown  on  this 
ground  yielded  3407  to  4733  pounds  of  hay  and  29.8  to  38.0 
bushels  of  seed  per  acre — the  yields  varying  with  the  time 
of  plowing  and  tillage  before  plowing. 

In  seeding  at  different  times  and  under  different  condi- 
tions, the  yields  have  not  been  reduced  by  increasing  the  rate 
up  to  105  poimds  per  acre,  but  the  yields  have  been  reduced 
when  the  amount  sown  was  not  sufficient  to  give  a  thick 
enough  stand  for  the  crop  to  adjust  itself  by  stooling.  One 
bushel  of  seed  per  acre  has  given  satisfactory  results  when 
seeding  has  been  done  medium  early  and  under  conditions 
favorable  for  germination.  For  late  seeding  or  under  condi- 
tions unfavorable  for  germination,  higher  rates  have  given 
better  results. 

Kanred  winter'  wheat,  a  variety  that  has  yielded  higher 
than  local  Turkey  wheat  in  Kansas  and  adjoinirg  states,  has 
yielded  less  than  the  local  Turkey  wheat  at  Waterville, 
where  rust  is  not  a  factor.  The  station  has  received  a 
number  of  inquiries  as  to  the  advisability  of  growing  this 
new  variety. 

Three  years'  results  are  available  from  experiments  to 
determine  the  value  of  harrowing  winter  wheat  in  the  spring. 
Compared  with  ground  not  harrowed,  the  yields  of  the  har- 
rowed plats  have  been  reduced  from  one  to  more  than 
two  bushels  per  acre — varying  with  the  time  of  harrowing. 
As  a  direct  result  of  this  work,  the  practice  of  harrowing 
winter  wheat  was  discontinued  in  1921  on  farms  within  a 
radius  of  ten  miles  of  the  experiment  station. 

The  new  methods  of  treating  wheat  with  powdered 
copper  carbonate  and  powdered  bluestone  were  tried  in  1921. 
Each  of  the  dry  treatments  controlled  smut  better  than  the 
common  method  of  dipping  the  seed  in  a  solution  of  one 
pound  of  biuestone  to  five  gallons  of  water. 

A  double  rod  weeder,  for  controlling  weed  growth  on 
the  summer  fallow,  was  the  greatest  attraction  on  the  station 
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in  1921.  This  type  of  wetder  has  been  used  for  some  time 
in  other  states,  birt  was  first  demonstrated  in  North  Central 
Washington  by  the  Waterville  Station.  At  least  100  of  these 
weeders  were  made  by  farmers  after  seeing  the  demon- 
strations. 

About  300  visitors  were  present  at  the  Second  Annual 
Field  Day  held  at  the  station  on  July  9th.  In  addition 
to  local  visitors,  farmers  and  their  County  Agriculturists 
were  present  from  all  adjoining  counties.  Much  credit  for 
the  success  of  this  day  is  due  to  the  hearty  co-operation  of 
the  Waterville  Chamber  of  Commerce  and  the  local  County 
Agent. 


THE  WASHINGTON  IRRIGATION  EXPERIMENT 
STATION 
R.   P.   Bean  in  Charge 
Crops  Crown  in  1921: 

One  hundred  and  sixty-five  of  the  203  acres  owned  by 
the  Washington  Irrigation  Experiment  Station  were  irri- 
gated and  cropped  in  1920.  Because  of  the  extra  water 
required  by  the  51.5  acres  of  spring  seeded  alfalfa  the 
remaining  38  acres  of  uncropped  land  were  fall  seeded  to 
wheat  and  not  irrigated  until  the  spring  of   1921. 

The  entire  farm  was  irrigated  and  cropped  in  1921. 
Alfalfa  on  71  acres  produced  385  tons  of  hay  and  a  fourth 
crop  seven  to  eight  inches  liigh  was  pastured  by  lambs. 
The  first  cutting  of  sweet  clover  on  22  acres  yielded  25 
tons  of  hay  and  the  later  growth  was  used'  for  seed,  pasture 
and  soil  improvement.  One  hundred  and  fifty  tons  of 
silage  were  harvested  from  25  acres  of  corn.  The  remaining 
land  was  cropped  as  follows:  15  acres  in  peas  were  reseeded 
to  winter  vetch  as  a  green  manure  crop  for  corn  in  1922, 
16  acres  in  winter  wheat  were  cut  for  grain.  Eight  acres 
were  seeded  to  winter  vetch  following  rye  and  seven  acres 
of  very  sandy  soil  were  left  in  volunteer  rye.  Also  15  acres 
seeded    to   alfalfa   and   seven   acres   to   sweet   clover    in    the 
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spring  were  reseeded  in  the  fall  <mi  account  of  wind  damage 
and  shortage  of  water. 
DeveloiMnent  of  Irrigation  System; 

Approximately  1700  feet  of  six  and  one-eighth  inch  flume 
and  550  feet  of  temporary  ditch  were  constructed  on  fields 
irrigated  this  year  for  the  first  time.  Most  of  this  area  will 
be  cropped  uniformly  with  alfalfa  for  several  years  to  prepare 
the  soil  for  experimental  use.  When  the  permanent  exper- 
imental plots  are  located  there  a  more  complicated  irrigation 
system  will  be  required.  Some  additional  leveling  was  done 
on  this  area  after  the  wheat  cri^  was  removed  in  order  to 
cdrrect  faults  which  irrigation  had  indicated  would  be 
objectionable  when  the  fields  are  re-divided.  Some  minor 
improvements  were  made  on  several  fields  to  facilitate  irri- 
gation and  conserve  water. 
General  Improvements: 

A  wooden  hoop,  hollow  wall  silo,  14  by  42.5  feet,  and 
six  individual  hog  houses  7  by  8  feet,  were  built  this  year. 
Two  tent  frames,  built  so  that  the  siding  can  be  completed 
and  shingle  roofs  added,  furnish  additional  housing  facilities 
for  farm  help.  The  wiell  was  cased  deeper  to  shut  out 
surface  water.  The  painting  on  all  farm  buildings  was 
completed;  some  of  these  had  previously  received  only  the 
priming  coat.  A  half-mile  of  barb  wire  fence  was  built  on 
the  north  line  in  co-operation  with  the  owner  of  the  adjacent 
land.  A  similar  fence  of  the  same  length  is  under  construc- 
tion on  the  west  boundary.  Alfalfa  pasture  and  feed  lots 
for  hogs  were  enclosed  with  hog  fence  and  panels.  More 
trees  were  planted  for  shade  and  windbreaks,  some  of  these 
replacing  those  destroyed  by  rabbits. 
Equipment  Purchased: 

The  major  items  of  equipment  purchased  during  the  year 
include  a  grain  binder,  corn  binder,  silage  cutter,  manure 
spreader,  hay  derrick  and  sleds,  fresno  and  a  set  of  harness. 
The  shop  was  equipped  with  general  carpenter  and  black- 
smith tools.  One  mule  and  one  horse  were  added,  making 
a  total  of  two  horse  and  two  mule  teams  on  the  farm. 
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Major  Cropping  and  Livestock  Problems : 

Alfalfa  hay  is  grown  on  snch  a  large  scale  in  irrigated 
Washington  that  the  net  returns  are  frequently  less  than 
might  have  been  secured  had  a  portion  of  that  acreage 
produced  other  crops.  Many  farmers  have  observed  that 
the  yield  of  alfalfa  per  acre  is  decreasing  on  fields  from 
which  hay  has  been  sold  year  after  year  and  no  fertility 
returned  to  the  soil.  This  situation  presents  three  major 
problems :  the  use  of  fertilizers,  -  crop  rotation  and  crop 
marketing.  With  these  problems  in  view,  experimental 
crop  rotations  will  be  established  on  the  station  and  a  study 
vwHU  be  made  of  crops  and  varieties  best  adapted  to  rota- 
tions on  irrigated  land.  Crops  produced  on  the  farm  are 
being  marketed  through  livestock  whenever  practicable 
and  the  manure  is  applied  to  the  land.  Additional  data 
will  be  secured  by  growing  and  fattening  the  livestock 
by  different  methods  and  rations.  This  comprehensive 
plan  affords  opportunity  for  study  and  demonstration  of 
most  factors  of  crop  and  animal  production  and  marketing 
which  are  within  the  farmers'  control. 

The  livestock  program  was  begun  by  the  purchase  of 
36  yearling  steers  at  the  Spokane  Stock  Yards  in  November, 
1919.  These  steers  were  wintered  on  straw,  corn  fodder, 
stubble  pasture  and  a  small  amount  of  hay.  They  grazed 
bunch  grass  from  early  spring  until  July  1  and  were  pas- 
tured on  sweet  clover,  rye,  and  fourth-crop  alfalfa  until 
snowfall.  Silage  and  hay  were  fed  in  the  feed  lots  from 
that  time  until  the  steers  were  sold.  The  experience  with 
these  steers  was  similar  to  that  of  most  cattlemen  who 
produced  beef  during  the  period  of  a  falling  market.  The 
financial  loss  was  minimized  by  growing  the  steers  as 
economically  as  possible  on  cheap  feed  and  not  attempting 
to  finish  them  with  high-priced  grain.  The  plan  of  feeding 
steers  in  1921-22  was  abandoned  when  market  conditions 
indicated  a  questionable  margin  of  profit  for  the  operation 
and  because  of  the  absolute  necessity  of  safeguarding  station 
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funds  at  this  time.  Steers  will  be  fed  on  the  station  when- 
ever practicable  in  the  future. 

In  February,  1921,  five  pure-bred  sows  were  purchased 
from  the  Department  of  Animal  Husbandry  of  the  State 
College  with  which  to  establish  a  herd  for  experimental 
feeding  and  to  utilize  farm  crops. 

A  study  of  the  practices  of  growing  and  fattening  pigs 
on  alfalfa  pasture  supplemented  with  grain  will  be  begun 
in    1922. 

In  October,  1921,  1675  cut-back  lambs  averaging  (lO 
to  66  pounds  each  were  purchased.  They  were  pastured 
on  alfalfa  fields  until  snosvfall,  when  they  were  sorted 
into  uniform  groups  and  placed  in  19  feed  lots  for  experi- 
mental feeding.  The  projects  of  this  feeding  trial  are: 
The  Proportion  of  Grain  to  Alfalfa  Hay  for  Fattening 
Lambs;  the  Comparative  Feeding  Value  of  the  First,  Second, 
and  Third  Cuttings  of  Alfalfa  Hay;  Hay  vs.  Hay  and 
.Silage;  Grain  vs.  Grain  and  Molasses;  Grain  vs.  Grain  and 
Cottonseed  Meal.  The  lambs  will  be  fed  from  60  to  100 
days,  depending  upon  the  rate  of  gain,  finish  and  market 
conditions. 

Experimental  Work  with  Farm  Crops: 

The  work  with  Farm  Crops  at  the  Irrigation  Station 
up  to  the  present  year  consisted  largely  of  getting  fields 
into  condition  to  carry  on  experimental  work.  H.  P.  Single- 
ton was  appointed  to  conduct  experimental  work  in  farm 
crops  and  reported  at  the  station  May  16,  1921. 

Varietal  experiments  with  alfalfa  were  conducted  in 
four  adjoining  fields,  the  stand  of  which  was  two  years 
old.  Triplicate  1/20  acre  plots  were  laid  off  in  each  field 
and  the  yield  nf  each  plot  was  found  for  each  cutting.  The 
following  table  gives  the  average  total  yield  per  acre  of  the 
plots  in  each  field  for  1921 : 


No.  of 

AenYisId 

R«(htD( 

cm  linn 

Inlona 

pMtnre  Nor,  14 

Sin. 

,:,:kv,  Google 


The  growing  period  of  Turkestan  Alfalfa  apparently 
is  too  short  for  the  long  growing  season  of  the  Yakima 
Valley.  It  becomes  dormant  before  the  growing  season 
is  over,  resulting  in  a  light  third  cutting  and  no  fall  pasture. 

An  experiment  on  the  time  of  cutting  alfalfa  was  started 
and  the  results  for  1921   are  given  below. 
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These  results  are  contradictory  to  the  popular  belief 
that  alfalfa  must  be  cut  before  the  new  growth  is  tall 
enough  to  be  clipped  by  the  mower,  and  tend  to  show 
that  the  time  of  cutting  should  depend  upon  the  stage  of 
maturity  at  which  the  greatest  amount  of  palatable  hay 
can   be   obained.    The   experiment   will   be   continued. 

Sunflowers  were  grown  in  1921  in  an  experiment  to 
determine  the  distance  between  rows  and  and  the  spacing 
in  the  row  at  which  the  greatest  amount  of  silage  can  be 
obtained.    The   following  table   gives  the   results: 
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The  highest  yield  was  obtained  in  the  plot  having  the 
least  distance  between  the  rows  and  plants.  A  6-inch 
spacing  will  be   included  in  this  experiment   in   1922. 

The  variety  tests  with  cereals  were  seeded  on  new 
ground  and  the  stand  was  so  thin  and  short  that  the  binder 
could  get  only  a  small  portion  of  the  grain.  Rabbits 
completely  destroyed  the  varietal  tests  with  peas,  soy  beans 
and  cow  peas.  These  circumstances  will  be  guarded  against 
in  1922  by  conducting  the  cereal  tests  on  land  that  has 
grown  alfalfa  and  by  rabbit-proof  fencing. 
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Experimental  Wcn-k  with  Potatoes: 

Experiments   in   seed   potato   production   to   determine    if 

possible  methods  that  may  be  used  for  growing  seed 
potatoes  in  the  irrigated  valleys  and  what  districts  are  best 
suited  for  the  production  of  seed  potatoes  for  irrigated 
areas  were  commenced  in  1920  as  a  part  of  the  seed  potato 
project  of  the  main  Experiment  Station.  Potatoes  grown 
at  Prosser  and  at  Pullman  were  planted  in  plots  at  each 
station  so  that  yields  at  the  two  places  could  be  compared. 
The  Earliest  of  All  and  Netted  Gems  were  used  in  these 
tests.  The  relative  productivity  of  the  various  strains 
appeared  to  be  the  same  in  the  two  localities.  There  is  some 
small  indication  that  the  material  produced  at  Prosser  was 
not  as  good  seed  material  as  that  produced  at  Pullman  but 
another  season's  results  might  be  entirely  different.  It  is 
the  plan  to  conduct  the  work  the  coming  season  by  planting 
materials   from   the   same  original   sources   at   each    station. 

The  Experimental  Orchard: 

Six  acres  of  well  selected  land  on  the  station  will  be 
planted  to  an  experimental  orchard  in  the  spring  of  1922. 
The  trees  have  been  hand  selected  and  consist  of  Winesap, 
Delicious  and  the  Red  Rome  Beauty.  This  orchard  will 
be  used  for  the  study  of  water  requirements,  systems  of 
tillage,  cover  crop  management  aiid  the  general  develop- 
ment of  an  orchard.  It  may  also  serve  in  the  years  to 
come  as  a  basis  for  studies  of  orchard  pests  and  their 
control.  These  investigations  to  be  effective  should  be 
reinforced  by  extensive  studies  in  the  practical  commercial 
orchards  of  the  principal  orchard  sections  of  the  state. 

Irrigation   Studies: 

Before  irrigation  studies  could  be  commenced  it  was 
necessary  to  have  the  station  fields  in  such  shape  that  some 
of  them  could  be  used  for  this  purpose.  This  stage  of 
development  has  now  beien  reached  and  definite  studies 
in  the  methods  of  application  of  water  and  of  water  require- 
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ments  for  various  crops  on  the  different  soils  represented 
on  the  station  farm  will  be  commenced  the  coming  season. 
How  to  get  a  maximum  crop  with  a  minimum  amount 
of  water  is  a  major  problem  in  almost  every  irrigated 
section.  Methods  of  water  application,  water  requirements 
of  various  crops,  water  distribution  systems,  leaching,  soil 
building  and  the  maintenance  of  fertility,  alkali  as  a  result  of 
irrigation,  etc.,  are  but  different  parts  of  this  problem.  To 
secure  helpful  information  on  all  of  these  questions  will 
require  many  years  of  careful  work.  While  it  is  hoped 
that  interesting  and  helpful  results  may  be  secured  each 
year,  these  investigations,  to  be  of  the  largest  service, 
must  extend  over  a  comparatively  long  period  of  time.  In 
addition  they  need  to  be  reinforced  by  tests  and  demon- 
strations on  practical  farms  in  the  irrigated  section. 
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THE  DU8TDIO  OF  WIUHAT  FOB  BTKT  OB  STINKING  SHUT 

By  F.  D.  Heald  and  L.  J.  Smith 

INTRODUCTION 

In  the  control  ot  wheat  smut  we  have  passed  ttaroush  two 
periods:  first  the  blnestone  or  copper  suIphiUe  period  from  the  earli- 
est times  up  to  ISST,  when  formaldehyde  was  first  employed;  and 
second,  the  formaldebyde  period  from  1S97  to  the  present  time.  AU 
though  the  formaldehyde  disinfection  has  very  largely  replaced  the 
use  ot  bluestone  In  the  eastern  United  States,  the  latter  has  continued 
to  be  used  quite  extensively  in  the  Pacific  Northwest  since  It  has 
been  shown  to  have  some  effect  in  reducing  the  smut  In  winter  wheat 
due  to  soli  contamination,  while  formaldehyde  has  no  residual  ac- 
tion. 1.  Although  both  bluestone  and  formaldehyde  treatments  have 
proved  effective  In  preventing  bunt  of  wheat  due  to  seed-borne  spores, 
both  have  certain  disadvantages  and  their  employment  la  frequently 
followed  by  Injurious  effects  upon  the  crops. 

Disadvantages  ot  and  Objections  to  the  Standard  Wet  Treatments 
It  has  long  been  recognized  that  the  use  of  the  various  bluestone 
formulae  2  causes  much  reduction  in  the  percent  of  germination  of 
treated  wheat.  Even  with  close  attention  to  standard  recommenda- 
tions, treated  seed  may  frequently  show  as  low  as  only  25  to  35  per 
cent  viable,  while  reductions  to  40  or  60  per  cent  viable  are  rather 
common.  In  addition  to  the  killing  effect  of  the  bluestone,  there 
may  be  a  pronounced  retardation  of  growth  and  a  lowered  vitality. 
Young  seedlings  may  be  twisted  and  crippled  and  the  toxic  effects 
persist  or  are  only  slowly  outgrown.  When  first  Introduced  for- 
maldebyde was  eagerly  accepted  as  a  substitute  for  bluestone  since 
it  was  claimed  to  do  away  with  the  seed  injury.  It  had  the  added 
recommendation  of  being  cheaper  and  also  more  convenient,  since 
it  is  a  solution  of  gas  in  water  and  ready  to  use  Ity  diluting  to  the 
proper  strength.  With  continued  use  formaldehyde  has  also  be'^n 
found  to  have  injurious  effects.     The  reduction  in  germination  per 
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cent  of  the  treated  grain  may  be  very  slight,  especially  If  the  seed  Is 
planted  at  once  in  a  motet  soil,  hut  injury  is  much  more  pronounced 
It  the  seed  la  allowed  to  dry  hefore  seeding  or  If  it  Is  seeded  In  dry 
soils  where  It  must  wait  for  rains  hefore  germination. 

It  has  long  been  known  that  an  afterbath  of  blues  tone- treated 
wheat  with  milk  of  lime  greatly  lessens  the  amount  of  seed  Injury, 
and  it  has  recently  been  shown  that  the  same  method  is  effective  In 
lessening  the  Injury  from  formaldehydes.  The  work  of  Brauns  in 
1920  showed  that  pre-soaking  would  accomplish  the  same  results. 
While  these  methods  reduce  the  seed  injury  and  have  been  recom- 
mended for  general  use,  they  do  not  entirely  eliminate  the  depressing 
effects  of  the  Ijluestone  treatment. 

The  methods  of  steeping  grain  in  bluestone  or  in  formaldehyde 
are  Inconvenient.  The  handling  of  the  wet  sacks  of  grain  Is  a  dis- 
agreeable operation,  while  the  necessity  for  Immersing  tn  two  suc- 
'cessive  baths  Is  an  added  burden.  The  necessity  for  treating  grain 
shortly  before  seeding,  with  special  precautions  concerning  drying, 
makes  both  of  the  wet  treatments  objectionable.  The  nature  of  the 
disinfection  has  called  for  the  more  laborious  open-tank  method 
when  the  seed  was  heavily  smutted.  Grain  treated  by  a  wet  method 
must  also  be  protected  from  freezing. 

Historical  Stftt«nient  Concerning  the  Use  of  Copper  Carbonate 
Copper  carbonate  as  a  fungicide  for  seed  disinfection  had  been 
disregarded  as  Its  extreme  Insolubility  in  water  was  thought  to  ex- 
clude the  poBslblllty  of  effective  action.  In  the  form  of  a  finely 
powdered  dust  it  was  first  tested  by  Darnell-Smith  4  in  New  South 
Wales  as  a  fungicide  in  the  control  of  wheat  smut.  On  the  basis  of 
tests  conducted  In  1915  and  1916  he  reported  in  1917  that  copper 
carbonate  dust  gave  better  results  than  either  formaldehyde  or  blue- 
stone.  A  more  complete  report  was  Issued  in  1919,  with  the  claim 
that  machine-treated  grain  was  free  from  smut  while  hand-treated 
grain  showed  a  slight  amount  of  smut.  The  copper  carbonate  dust 
treatment  caused  no  Injury  to  seed  or  to  youog  plants  and  also  re- 
sulted in  very  substantial  Increases  in  yields.  The  results  of  Darnell- 
Smith  were  questioned  by  PerkinsB  in  1919  who  stated  that  "we 
can  not,  for  Instance,  imagine  that  a  substance  wholly  insoluble  In 
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water  can  have  blgh  fungicidal  properties."     A  discuBsion  of  tbfs 
criticism  was  publfahed  by  DarDetl-Smltb T  in  1921. 

Tbe  excellent  reaulta  obtained  In  Australia  soon  attracted  the 
attention  of  American  InveatlgatlorB.  Mackie  and  BrlgssB  first  re- 
ported experiments  In  California  wblch  corroborated  tbe  reports 
from  Australia.  They  reported  lu  1921  tbat  spring  wheat  treated 
with  2  ounces  of  copper  carbonate  dust  per  bushel  was  free  from 


Tig.  2.  View  or  machlna  and  mgoa  «]tb  nek  ot  vrbaat  iMing  amptlcd  InM  tba  dniD. 

Bmut  and  Buffered  no  reduction  In  germination,  while  the  untreateJ 
check  gave  6.2  per  cent  of  smutted  heads. 

Lambert  and  Bailey  0  have  Just  recently  reported  perfect  control 
of  both  bunt  of  wheat  and  smut  of  oats  by  using  Z  ounces  of  copper 
carbonate  dust  per  bushel.     No  reduction  In  germination  of  oat? 
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resulted  from  using  2  ounces  per  bushel,  while  2  to  10  ounces  of  tbe 
copper  carbonate  caused  no  appreciable  Injury  to  wheat 

CkHnparaUve  Seed  Treatments 

Since  the  favorable  results  reported  by  other  workers  have  been 
substantiated  by  our  own  experiments,  it  has  seemed  advisable  to 
1bbu«  this  preliminary  report  in  order  that  the  wheat  growers  of  our 
state  may  have  our  recommendations  available  before  the  time  of 
seeding  winter  wheat. 

In  our  preliminary  experiments  two  varieties  of  wheat,  Bluo- 
stem  and  Jenkins  Club,  were  selected  tor  test.  The  grain  was  arti- 
ficially smutted,  using  1  gram  of  smut  to  each  100  grams  of  seed. 
This  ifl  the  amount  ot  smut  determined  by  previous  experiments  lo 
as  necessary  to  cause  fairly  heavy  smut  but  not  the  maximum  amount. 
The  smut  was  applied  by  shaking  smut  and  seed  together  In  a  large 
jar;  after  which  the  smutted  seed  was  divided  Into  smaller  lots,  each 
of  which  received  one  of  the  treatments  specified.  Each  lot  was 
planted  In  the  field  in  rod  rows  of  carefully  spaced  seed,  and  green- 
house gcrminntlon  tests  were  made  to  determine  the  amount  of  seed 
injury  from  the  respective  treatments.  Head  and  plant  counts  of 
the  field  plots  were  made  at  harvest  time, 

TABLB  I. 
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The  relatively  low  per  cent  of  smut  In  both  of  the  checks  Is  ex- 
plained by  the  high  temperatures  and  dry  conditions  immediately 
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following  planting,  nhile  the  smaller  amount  of  emut  in  the  Jenkins 
Club  plotB  was  due  to  the  proximity  of  these  to  a  row  of  wtUow  trees 
which  drew  very  heavily  on  the  soil  moisture.  It  may  be  noted  that 
perfect  control  of  the  smut  was  obtained  by  copper  carbonate  duat 
and  also  by  the  mixture  of  finely  powdered  anhydrous  copper  sal- 
phate  (blueetone)  and  powdered  calcium  carbonate.  The  latter  mix- 
ture will  reeutt  in  the  formation  of  copper  carbonate  as  soon  as  tho 
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treated  grain  comes  in  contact  with  aoil  moisture  and  would  there- 
fore be  expected  to  give  results  similar  to  an  initial  application  of 
copper  carbonate  dust.  It  must  remain  for  further  tests  to  determine 
the  practicability  of  using  this  cheaper  mixture  as  a  substitute  far 
copper  carbonate.  The  dust  treatments  have  given  an  improved 
germination  of  the  wheat  when  contrasted  with  the  bluestone  anil 
formaldehyde  disinfection.  The  value  of  Bulpbur  dust  In  &mtit  con- 
trol is  still  open  to  question.     Even  if  It  should  continue  to  give  the 
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protection  as  indicated  by  these  tests,  Increased  yields  would  be  necee- 
avLty  to  justify  the  expense  of  using  the  large  amount  of  sulphur 
necessary. 

Equally  good  results  with  the  copper  carbonate  dust  have  been 
obtained  at  the  WaterviUe  Branch  Experiment  Station  as  reported  by 
Mr.  C.  E.  Hill.  Untreated  seed  gave  86  per  cent  smut  as  contrasted 
with  0.6  per  cent  from  seed  treated  with  2  ounces  of  copper  carI>onate 
per  bushel.  The  demonstrations  at  a  number  of  points  in  the  stats 
as  reported  by  Mr.  G.  L.  Zundel,  Extension  Plant  Patbologist,  have 
also  shown  the  superiority  of  copper  carbonate  In  smut  control. 

The  question  has  been  raised  as  to  whether  wheat  may  t>e  dusted 
with  copper  carbonate  some  months  previous  to  seeding  time  without 
suffering  any  injury.  In  order  to  test  this  point  four  varieties  were 
given  the  standard  treatment  (2  ounces  per  bushel),  and  germination 
tests  made  at  intervals  In  comparison  with  untreated  seed.  The 
treated  aad  untreated  seed  was  planted  in  flats  in  the  greenhouse, 
using  200  seed  in  each  lot.  The  appended  table  shows  the  resnlts 
obtained  up  to  the  present  time  (Table  11). 
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An  examination  of  ttais  table  will  show  not  only  that  no  Injury 
resulted  for  the  duration  of  the  test,  but  that  the  dusted  grain  showed 
an  Improved  germination  over  the  untreated  samples. 

Mr.  HUl,  of  the  WaterviUe  Branch  Station,  has  reported  the 
value  of  copper  carbonate  In  lessening  seed  injury  for  late  fall- 
seeded  grain.  The  daU  in  the  appended  table  (Table  111)  are  taken 
from  his  report. 
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Specific  data  concerning  the  comparative  value  of  copper  carboo- 
ate  dust  and  the  standard  blneBtone  treatment  tn  preventing  aniut 
from  soil  contamination  will  not  be  available  until  the  end  of  the 
1922  harveHt. 

Preliminary  teats,  however,  Indicate  that  the  carbonate  dust 
will  be  much  more  effective.  Copper  sulphate  is  very  readily  solu- 
able  In  the  soli  moisture  and  U  quite  rapidly  removed  from  the  vi- 
cinity ot  germinating  grains,  while  copper  carbonate  1b  very  slowly 
soluble  and  ebould  therefore  have  a  more  persistent  effect. 

Formula  aud  Methods  of  Appllcaticm  of  Copper  CaitMnutte  Dust 

On  the  basis  of  completed  trials  our  present  recommendation  in 
the  use  of  3  ounces  of  finely  powdered  copper  carbonate,  testing  50 
per  cent  or  more  of  metallic  copper,  per  bushel  of  wheat.  The 
powder  should  be  fine  enough  to  pass  through  at  least  a  100-mesh 
sieve.  The  effectiveness  of  the  treatment  depends  od  the  unifonii 
distribution  of  the  finely  divided  particles  over  the  surface  of  the 
grain.  Two  ounces  per  bushel  gives  a  complete  coating,  and  no  addel 
protection  has  been  afforded  by  using  4  ounces  per  bushel.  Wort 
now  In  progress  will  tell  whether  It  will  be  possible  to  use  less  dust 
per  bushel  and  still  obtain  effective  protection. 

The  application  of  the  copper  carbonate  dust  may  be  made  in  a 
number  of  different  ways.  In  our  earliest  experimental  work  the 
treatment  was  carried  out  by  shaking  the  seed  and  the  reqaisite 
amount  of  copper  carbonate  In  a  closed  container.  A  barrel  chum 
has  been  used  with  good  results,  while  in  some  larger  operations  a 
small  concrete  mixer  has  been  tried.  In  some  of  the  demonstration 
trials  the  dusting  has  been  accomplished  by  emptying  the  wheat  aoi! 
the  desired  amount  of  copper  carbonate  on  a  canvas  and  shoveling 
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over  the  mixture  until  the  grain  became  thoroughly  coated,  but  tbis 
last  method  is  not  recommended  as  it  Is  felt  that  it  gives  the  least 
elfective  distribution  ot  the  dust  and  offers  more  opportunity  for  per- 
bons  doing  the  treating  to  inbale  the  irritating  and  poisonous  dost 
particles.  A  special  dusting  machine  has  been  designed  whlcb  is 
effective  and  also  convenient,  and  it  Is  expected  that  this  or  a  similar 
machine  will  come  into  general  use. 

Washington  StHte  College  Smut-Treattng  Machine* 

In  designing  a  machine  for  the  dry  or  dust  treatment  of  wbea^ 

tor  amut  the  following  points  were  kept  in  mind:  (1)  To  handle  the 

grain  as  little  as  possible;  (2)  To  mix  the  grain  and  copper  carbonate 

In  sack  lots;  (3)  To  make  the  machine  self-bagging;  <4)  To  sack  the 


grain  in  quantities  that  could  easily  be  handled  at  the  drill;  (5)  To 
mix  the  grain  with  as  few  turns  ot  the  drum  as  would  give  effective 
distribution:  (6)  To  avoid  the  disagreeable  copper  carbonate  dust; 
(T)  To  build  a  machine  that  a  farmer  having  mechanical  ablli^ 
might  make. 

The  accompanying  Illustration   (PIg.l)   shows  the  principle  of 
the  mixer.    The  drum  is  revolved  until  the  opening  is  under  the  fill- 


*P*tenls  Applied  for. 
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lug  hopper.  A  stop  bolt  through  the  vertical  post  holda  the  drum 
in  filling  position.  The  helper  on  the  wagon  then  empties  a  saclc  ot 
grain  into  the  hopper  and  It  flows  Into  the  drum.  (Fig.  2).  The 
drum  is  then  turned  back  80  the  operator  atandlng  on  the  ground  can 
scatter  the  copper  carbonate  uniformly  over  the  surface  of  the  grain, 
after  which  the  sliding  door  is  put  In  position  and  the  drum  rotated 
for  two  minutes.  This  gives  20  to  30  revolutions  per  minute  which 
Is  sufficient  to  coat  thoroughly  eacb  grain  with  the  powder. 

In  the  drum  there  are  three  wooden  radial  mixers  or  buffers,  of 
a  width  equal  to  half  the  radius  of  the  drum  (Figs,  1,  3).  In  position  1 
the  grain  has  slid  off  the  board  "b"  and  is  being  lifted  by  "a,"  during 
which  time  it  flows  over  "a"  like  water  over  a  dam.  It  should  bo 
noticed  that  the  upper  portion  of  the  grain  Is  passing  over  "a"  first. 
Position  II  shows  the  bottom  portion  of  the  grain  leaving  "a"  and 
forming  the  top  of  the  pile  below.  Thus  the  grain  is  largely  reversed 
in  position  each  time  It  passes  over  a  mizlng-board,  making  three 
mixes  per  revolution  of  the  drum.  When  the  two-minute  mixing 
period  Is  completed,  the  drum  is  stopped  at  its  filling  position,  and 
the  sliding  cover  Is  pulled  out.  The  drum  Is  then  turned  one-half  a 
revolution  to  position  III  at  which  position  the  treated  grain  Is 
equally  dumped  into  the  two  sacks  below  and  is  ready  to  be  tied  up 
for  use  in  the  field.     (Fig.  4). 

The  ratio  of  the  sprockets  is  1  to  4,  there  being  6  teeth  on  tho 
drive  sprocket  and  24  on  the  drum  sprocket.  The  drum  is  21  Inches 
in  diameter  and  36  inches  long.  The  machine  stands  five  and  one- 
half  feet  in  height  The  machine  has  a  capacity  of  one  full  sack  of 
wheat,  but  it  is  expected  that  partial  sacks  (1^  bushels)  will  be  used. 
In  treating  a  sack  of  wheat,  the  crank  turns  by  hand  about  as  hard 
as  a  cream  separator.  One  sack  can  easily  be  run  through  every  four 
or  five  minutes.  It  would  therefore  not  take  long  to  treat  enough 
seed  for  a  large  field. 

A  blueprint  showing  all  the  dimensions  of  the  smut-treatlng 
machine  will  he  sent  upon  application,  with  a  covering  fee  of  twenty- 
five  cents. 

The  first  machine  made  to  test  the  utility  of  this  principle  of 
mixing  is  shown  In  Fig.  6.  The  drum  Is  16  inches  In  diameter  and 
24  inches  long.     It  was  buUt  as  an  investigational  study  in  Agrlcul- 
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tuml  EnKlneerlng  by  a  student,  Stephen  White,  whose  Ideas  assisted 
yerr  materially  In  the  development  of  the  larger  machine.  The  sma'.! 
mixer  will  treat  one-half  bushel  at  a  time.  It  Is  atiout  as  large  as 
can  be  convenientlj  turned  with  the  cranlc  faatened  to  the  axle  of  the 
drum,  and  would  do  very  welt  tor  treating  seed  tor  small  tlelde. 

Advantages  of  the  Copper  Carbonate  Treatment 

The  advantages  of  the  dust  treatment  are  so  pronounced  that 
this  method  ot  control  may  be  expected  to  replace  the  older  wet 
treatments,  with  bluestone  or  formaldehyde.  It  is  our  prophecy  that 
we  are  now  beginning  the  "copper  carlionate  dust  period  ot  seed  dis- 
infection." The  important  advantages  of  this  copper  carbonate  dual 
may  be  briefly  enumerated  as  follows: 

1.  The  elimination  of  the  Inconvenient  and  disagreeable  soak- 
ing methods. 

2.  The  convenience  of  being  able  to  treat  seed  days  or  even 
months  before  it  Is  needed  for  use,  thus  making  possible  the  utiliza- 
tion of  spare  time. 

3.  The  elimination  of  seed  injury  and  retarded  growth,  witPi 
even  an  improvement  In  germination  over  that  of  untreated  seed. 
This  will  make  possible  a  reduction  in  the  amount  of  seed  used  per 
acre  and  should  result  in  a  considerable  annual  saving  as  soon  as  th'; 
method  comes  to  be  generally  practiced. 

4.  The  elimination  of  danger  from  seeding  in  the  dry,  making 
it  possible  to  seed  in  the  "dust,"  rather  than  being  obliged  to  wait 
for  rain. 

6.  Probable  increased  yields  due  to  better  stands,  no  retardin? 
Influence  of  the  fungicide,  and  better  control  of  smut. 

6.  A  probable  Increased  protection  from  reinfection  of  treated 
seed  by  smutty  sacks,  broken  smut  balls  or  from  the  wind-borne 
spores  that  are  generally  present  in  our  summer  tallow  fields. 
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Hog  Feeding  EjEperiments 


INTBODUCTION 

The  State  ol  WashlngtoD  and  adjacent  atatea  do  not  DrodnM  suf- 
ficient pork  to  Bupply  the  demand  within  this  tenitoiy.  All  of  the 
larger  bntchera  and  packers  testlfj'  mat  pork  has  to  be  shipped  In  to 
meet  the  fresh-meat  demand.  Evidence  of  this  condition  is  reflected 
b;  the  fact  that  the  price  of  bogs  on  foot  at  the  Union  Stoclcyards, 
Spokane,  during  the  last  two  years  ranged  from  1  to  3  cents  aboVe 
the  price  for  similar  grades  at  the  Union  Stockrards  in  Chicago.  It 
1b  apparent  that  the  market  for  hogs  li\,  this  territory  Is  good. 

Crops  such  as  barley,  wheat,  corn,  peas,  etc,  all  suitable  for  bog 
feeds,  are  grown  snccessfnlly  In  this  State.  At  the  main  experiment 
station,  Pullman,  the  average  yield  of  barley  for  the  last  six  years  has 
been  3,116  Iba.  per  acre,  which  is  634  lbs.  more  than  the  average  for 
spring  and  winter  wheat  for  the  same  period.  Barley  and  wheat  bare 
a  feeding  value  practically  equivalent  to  that  of  com.  Com,  as  a 
grain  crop.  Is  grown  successfully  In  some  of  the  Irrigated  sections. 
Alfalfa  and  peas  are  used  extenslTely  as  forage  crops  and  aside  from 
fnmishiiig  a  superior  forage  for  hogs,  they  aid  In  conserving  nitrogen 
of  the  soil. 

PBINCIPLE8  OF  NUTRITION  UNDEBLTING  HOG  FEEDING 

If  best  results  ere  to  be  obtained  from  feeding  operations  every 
poaalble  saving  In  the  cost  of  production  must  be  made. 

Hogs  have  certain  physiological  requirements  which  must  be  met 
to  produce  the  maximum  economic  gains.  These  requirements  call 
for  certain  quantities  of  digestible  protein,  energy,  mineral  matter  and 
vltamlnes.  In  practice  today  only  the  first  three  receive  much  con- 
sideration. The  energy  of  a  ration  must  come  either  from  digestible 
proteins,  carbohydrates  or  fats.  From  the  economic  standpoint  It  is 
highly  desirable  that  the  energy  come  from  the  Inexpensive  carbo- 
hydrates and  fats  rather  than  from  the  expensive  proteins. 

Balanced  rations  contain  each  of  these  nutrients  in  proper  pro- 
portion, form  and  qnaotlty.  By  proper  form  reference  Is  especially 
made  to  dlgsstlbillty  and  bulk.  A  chemical  analysis  may  Indicate  that 
a  ration  contains  the  required  proportion  and  quantity  of  nutrients. 
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bnt  U  thwe  are  tn  a  highly  Indigestible  form  the;  caimot  MttlsCBctorllT 
meet  the  phyalologtcal  requirements  of  the  anlnuU.  II!  these  natrlente 
ore  supplied  In  the  form  of  bulky  feeds,  then  the  hog  cannot  conmnte 
enonsh  feed  above  that  necessary  for  maintenance  to  make  Batlstaetorr 
gains.  In  other  words,  feeding  an  excesalTely  bulky  ration  to  a  pig  la 
equivalent  to  restricting  the  ration. 

The  cereal  grains,  com,  barley,  and  wheat,  are  nntialaDced  for  hoc 
feeding.  Their  content  of  digestible  protein  and  ash  is  too  low  for 
the  attainment  of  beet  remits.  It  Is  necessary  to  supplement  sodi 
grains  with  protein  rich  feeds.  These  feeds  are  characterized  by  a 
high  content  of  snltable  and  digestible  protein  per  nnlt  of  bulk. 
They  must  generally  be  purchased  and,  because  of  high  freight  rates, 
it  is  desirable  that  they  contain  the  maximum  percentage  of  protein 
and  maxtmum  quantities  of  fats  and  carbohydrates.  The  last  two  ara 
produced  eaalljr  and  in  abundance  on  the  farm.  With  this  condition 
obtaining,  a  smaller  tannage  per  unit  of  protein  makes  the  feed  more 
economical  if  it  mast  be  shipped  any  considerable  distance. 

Other  factors  to  be  considered  In  connection  with  this  class  of 
feeds  are,  keeping  quality,  availability,  ash  content,  palfttablltty.  ^ect 
on  quality  of  product,  and  last,  but  not  least,  tbe  coat  per  nnlt  of 
protein. 

It  is  a  matter  of  common  observation  that  young  pigs  make  more 
economical  gains  than  older  ones.  This  is  explained  on  the  basis  of 
differences  in  energy  content  of  gains  made  at  these  respective  ages. 
Toung  pigs  at  birth  are  largely  composed  of  water  and  protein,  and  in 
the  early  stages  of  their  development  gains  In  weight  consist  mostly 
of  protein  and  water,  and  very  little  energy.  It  Is  during  such  a  pe- 
riod that  pigs  require  a  ration  with  a  high  protein  content.  After  the 
muscular  structore  Is  somewhat  developed,  the  succeeding  gains  are 
largely  fat  deposited  in  the  adipose  tissue  and  around  the  Internal 
organs.    These  latter  gains  have  a  high  energy  value. 

As  the  pigs  mature,  the  protein  requirement  becomes  less,  and  the 
ration  should  be  adjusted  accordingly,  by  decreasing  the  qaantltles 
of  protein  rich  feeds  In  the  ration.  Thus  the  gains  are  made 
more  economically  by  reducing  the  consumption  of  expensive  conatlts- 
ents  with  little  material  effect  upon  the  gains.  Too  little  protein  wlU 
reduce  the  eOdency  of  the  entire  ration,  while  too  much  of  it  does 
not  Increase  the  production  sufficiently  to  Justify  the  expense. 

THE  FEEDING  TESTS 
Object  of  tbe  Feeding  Tests 

The  series  of  feeding  tests  discussed  under  Part  I,  were  planned 
to  compare  the  feeding  value  of  two  protein  rich  feeds,  flstamssl  and 
"Digester"  tankage.  Part  II  Includes  the  resnlts  of  studies  Involvlnc 
the  best  method  of  feeding  cocoanut  meal.    Results  with  Ifnseed  oil 
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meal  are  dlsctuaed  In  Part  III.  The  yalue  of  cane  moIaasM  In  tenni 
of  barley  1b  dlscnaaed  nnder  Part  IV.  Alfalfa  and  fleld  i>ea£  for  pork 
production  are  treated  In  Part  V. 

GikIi  KIxtsTM 

In  all  tbe  feeding  trlaJa  hera  reported,  the  grain  mlztarea  hare 
been  adjusted  to  supply  a  snlDclent  but  not  an  ezcesalTe  amount  of 
prot«ln.  The  modified  Wolft-Lehmaun  feeding  standard  was  uaed  as  a 
guide  In  calculating  these  ratlona 

As  the  plgB  gained  weight  the  mixtures  were  varied,  the  propor- 
tion of  aapplement  being  decreased.  The  mixtures,  fed  the  pigs  at  the 
different  weights,  are  recorded  In  Tables  I  and  II. 


0nNit  Jfictere«  Fed  in  Dry  Lot  Oontaining  Tankage,  FUkmeal  dM 

Oocoanitt  Meal  At  Protein  Supplement: 

(Years  1918-16-20) 


oalvlng      Mix- 
ture   (lb«.) 

■■— 

Parts  by  weight  fed  during  tests. 

Tankage 

Flahmeal 

Tankage 

Co^j-^ut 

70-»0 

Cocranut  U«al 

lOE 

20 

lot 

10 

It 

20 

tot 
"So 

-as 

9«-lt0 

Cocoanut  Meal 

MOlUBCE 

9 

0 

• 

"i'i 

110-100 

Barley 

IJ 

11 
""l 

e 

■■-ji 

11 
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TABLE  II 
Grain  Mixtures  Fed  Durino  Winter  1911-22* 


Ranae  of  WtB. 

Feeda 

Tankage 

Fiahmeal 

!.„„« 

S! 

pS 

«-7B 

Barley 

Fish  meal 

ISO 

60 

BO 

150 



'1! 

38.6 

22.6 

50 

,„=. 

FiBhmeal 

1i 

'li 

"n 

60 
36 

16 

." 

186-1T6 

Fish  meal 

1 

1! 

GO 
30 

S 

'IS 

__^Uy  d . 

Since  the  plgfl  were  started  on  feed  at  a  lighter  weight  t 

turee  contain  a  greater  proportion  of  the  supplement.  The  mlzttjrcB  lur 
any  specific  weight  of  pigs  contain  the  same  quantity  of  digestible  pro- 
tein per  bondredwelgbt. 

Xetbod  of  Feeding 

In  au  the  feeding  teete,  whether  tn  drr  lot  or  on  fora^,  the  hogs 
were  hand-fed  twice  dall^,  the  morning  feed  being  given  at  abont 
7:30  0.  m.,  and  the  erenlng  feed  at  4:30  p.  m.  The  rations  were  fad 
in  the  form  of  a  fairly  thick  slop,  being  mixed  with  water  at  the  time 
of  feeding.  The  tronghs  were  neyer  filled  to  excess,  so  that  little  feed 
was  ever  wasted. 

In  the  dry  lot  feeding  tests  with  hogs  on  fall  feed,  the  gnanUtr 
of  grain  fed  was  adjusted  to  the  appetites,  the  ht^s  being  fed  all  ther 
wonld  consume  without  waste.    All  lots  bad  free  accees  to  water. 

The  hogs  In  dry  lot  during  1921-22  were  fed  a  mineral  mlztore  In 
self-feeders.  The  mixture  consisted  of  6  parts,  by  weight,  of  flndr 
ground  steamed  bonemeal,  4  jMrte,  by  weight  of  alr-slacked  lime,  and 
1  part  of  common  salt 


Shade  on  forage  was  provided  by  means  of  a  canvas  stretched 
over  a  wooden  framework.  Dnring  the  greater  part  of  the  dry-lot  feed- 
ing tests,  the  hogs  were  housed  In  the  hog  barn  In  pens  connected  with 
outdoor  lots.  Throughout  the  last  part  of  the  dry-lot  feeding  in  191^ 
21.  however,  the  pigs  were  moved  to  outdoor  lots,  with  cod  tor  shdter. 
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Ail  qiurtera  were  kept  clean  and  well  bedded  with  atrftw.  SuOcient 
shelter  was  prorlded  so  that  the  hogs  were  not  crowded  at  any  time 
dnrlns  th«  e:v«rlment. 

Weights  and  B«eardB 

Since  there  is  considerable  fluctuation  In  bodf  weight  ot  pigs  from 
day  to  day  as  well  as  throughont  the  day,  all  weights  were  t^en  at 
a  specified  time,  in  this  case  after  the  morning  teed  between  S:00  and 
1D:00  a.  m. 

IndlTldnal  weighings  were  recorded  bo  that  In  case  It  became 
necessary  to  remove  pigs  from  any  lot  because  of  sickness  or  death, 
the  grain  consumed  by  them  while  on  teat  could  be  readily  subtracted 
from  the  total  ot  any  lot,  in  proportion  to  body  weight  All  initial 
and  final  weights  for  the  entire  experimental  period  are  averages  of 
weights  taken  on  three  consecutive  days.  The  middle  date  ot  each 
auccesBlon  marks  the  beginning  or  end  of  the  experiment.  Through- 
out the  tests  all  hogs  were  weighed  indtvldnally  every  thirty  days. 
Lot  weights  were  taken  at  more  frequent  intervals  In  order  to  keep 
closely  In  touch  with  the  progress  of  the  tests. 

The  average  initial  and  final  weights  and  the  range  ot  weights  ot 
the  pigs  Id  the  lots  to  be  compared  were  kept  aa  equal  as  was  prac- 
tical, the  slower  gaining  lots  being  kept  on  experiment  longer,  la  order 
to  accomplish  this. 

Type  vf  Hop  In  Feed  Lata 

Pure  bred  Duroc  Jersey  and  Poland  China  hogs  farrowed  on  the 
College  Farm  were  used  in  this  series  of  experiments.  The  Indfvlduala 
In  the  various  lots  were  reasonably  uniform  In  respect  to  size,  con- 
dition, and  teedlng  qualities.  Breed  and  sex  differences  were  not  con- 
sidered tn  making  the  division.  The  hogs  were  of  medium  type,  being 
out  of  2  to  t-year-old  sows  that  weighed  from  4S0  to  500  lbs.  in  medium 
breeding  condition,  aired  by  boars  weighing  about  160  lbs.  more  in 
similar  condition. 


PART  I^(a)    TANKAGE   V8.  FISHlfEAL  IN  DBT   LOT  AND   ON 
FOBAGE 

Introduction 
The  work  planned  to  compare  the  feeding  values  of  flshmeal  and 
tankage  rests  on  the  basts  of  the  values  of  these  feeds  when  fed  with 
rolled  barley  and  mlllmn  In  balanced  rations.  It  is  evident  that  of 
several  lots  ot  pigs  receiving  the  same  protein  supplement  In  varying 
quantlttes,  the  lot  fed  either  too  small  or  too  large  quantities  will  ap- 
pear at  a  dlaadvantage,  when  the  comparison  is  made  on  the  basis  ot 
pounds  of  grain  consumed  per  unit  ot  gain. 
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six  lota  of  pigs  wer«  tncluded  In  tbe  pUn.  Tb«  lots  w«re  ted  In 
pairs  on  slfalfs  for&ge,  pea  forage  and  In  irj  lot  All  lots  racelvvd 
rations  differing  only  In  the  protein  snpplement  used,  this  being  flata- 
meai  In  one  case,  and  "Digester"  tankage  In  the  other  case. 

factors  euch  as  Initial  weights,  condition,  quantities  of  teed  f«d 
dally,  final  weights, -and  kind  of  forage  arallable  were  to  b«  main- 
tained aa  neaily  identical  as  possible  for  each  pair  of  lots,  but  con- 
ditions did  not  permit  keeping  the  factors  Identical  tor  all  six  lota. 
The  main  dltterences  In  the  average  daily  gain  and  In  the  quantities 
of  feed  necessary  to  prodace  100  pounds  body  gain  are  then  lndlcatl(»a 
of  differences  in  feeding  value  of  flsbmeal  and  tankage. 

The  quantities  of  grain  ted  on  forage  were  to  be  approximately 
one-half  of  those  fed  In  dry  lot 

Three  parts  by  weight  of  steam-rolled  barley  were  mixed  with  one 
part  of  mlllrun  In  all  the  tests,  and  the  supplements  were  added  to 
balance  the  rations.  Figaree  In  Table  I  show  how  tbe  protein  sup- 
plements were  varied  as  the  weights  of  the  pigs  Increased. 

Rolled  barley  of  good  quality,  was  used.  The  mlllrun  fed  con- 
tained bran,  shorts,  and  middlings,  mixed  and  finely  ground.  This 
feed  Is  too  bulky  to  be  used  in  large  amounts,  but  when  of  good 
quality  adds  to  the  palatability  of  the  ration;  it  also  makes  it  mor* 
laxative. 

The  tankage  contained  60%  crude  protein,  a  small  proportion  of 
finely  ground  bone,  and  practically  no  hair  or  other  coarse  material. 
It  is  commonly  called  "Digester"  tankage,  which  dlstlngnlahea  it  from 
the  coarser  grades  used  ae  nitrogen  fertilisers. 

The  flsfameal  made  from  tat-eztracted  flsb  trlmmlngH  of  canneries 
contained  G6%  protein,  bad  a  dark  yellow  color,  and  a  characteristic 
fishy  odor.  There  are  numerous  grades  on  the  market  which  vary  in 
color  and  protein  content  Generally  the  darker  the  color  the  higher 
Is  the  protein  content 

The  rations  of  each  of  the  two  lots  fed  In  dry  lot  were  identical 
in  the  quantities  of  barley,  mllimn,  and  protein  supplement  ted.  Tbe 
same  Is  true  for  the  lots  on  pea  forage  and  on  alfalfa.  (See  last  line 
Table  III.) 

Table  III  contains  the  data  tor  <  lota  of  pigs  ted  to  demonstrate 
any  existing  differences  In  the  feeding  value  of  flahmeal  and  tankage. 
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Ttutkoffe  Ttniu  Fiahmeal  i 


Dry  Iiot 

Pea  Fo«ge 

Alfalfa  PMtur* 

Lotl 

l*tll 

Lot  III 

Lot  IV 

Lotv 

Lot  VI 

Barley 
Tuibl«e 

Barley 
MlUrun 

Flshmul 

Barley 
MillnTn 

TanliaBe 

.s. 

SKSS. 

TaDkMe 

Barley 
HlllruD 
rishmeal 

No.   of  ptKI 

At.    No.    Of 
plSB  per  »cr« 

D»y8 

H 

£S:.',1 

14 

IT 

i 

July  II- 

Sept.  to 

IS 

* 

s:js.'.'.- 

7 

Aug.  11- 
Oot-   14 

7 

Average  WeioMt  and  Gain*   (ptmndt) 

At.  initial  wt. 

tt.i*i 

tS.dS 

SE.4» 

««.40 

1D.8 

40.8 

At.  final  wt 

144.E!1 

148.47! 

14*. M 

M».Z! 

9S.9 

»3.4 

At.  total  sain 

74.M 

TS.St 

18.8! 

78.82 

82.1 

S2.S 

At.  daily  gain 

1.S14 

1.401 

1.0S5 

1.07. 

.801 

.80* 

Pound*  Feed  Per  Ciei.  Oain 


fs& 

"!■! 

•Hi 

'!!:S 

".t:t 

'•H 

'•.J;S 

41.0 

ii.'i 

Total 

«!.! 

4I2.S 

28S.3 

380.7 

3S0.4 

31T.S 

Average  Daily 

RatUmt 

(p<mn(J.) 

Barley 
HUlrun 

5!SlSSl 

';■•! 

S.ROI 
l.SOO 

11? 

:tot 

11 

'11 

S.T78 

iKi 

B.79» 

3.088 

Total 

>.17 

2.87 
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Lot  I  racelvlDK  tsnkage  In  gnln  mlztnrea  made  an  avenge  daily 
gain  ot  IM*  IbB.  for  B7  days,  requiring  441.3  lbs.  of  concMitratea  to 
make  100  Iba.  body  gain.  Lot  II  receiving  flabmeal  made  a  dally  gain 
ol  1.401  Iba.  per  head  for  G7  days  requiring  412.2  Iba.  of  concentratea 
per  100  lbs.  gain.  The  flBhmeal  lot  consumed  29.1  lbs.,  or  6.6  per  cent. 
leas  feed  to  make  100  Iba.  gain. 

Lot  III  on  pea  forage  receiving  tankage  made  an  average  daily 
gain  ot  1.066  Iba.  for  74  days  and  required  ZS5.2  lbs.  of  grain  besides 
the  pea  forage  to  make  100  Ibe.  body  gain.  Lot  IV  on  pea  forage  being 
fed  flabmeal  made  a  dally  gain  of  1,079  lbs.  for  a  similar  length  of  time, 
consuming  2SG.7  lbs.  of  grain  mixture  to  make  100  lbs.  body  gain. 
These  results  are  almost  identical  ae  far  as  dally  gains  and  feed  con- 
sumed  to  make  these  gains  are  concerned.  On  pea  forage  no  differ- 
ences between  the  feeding  value  of  tankage  and  flshmeal  are  noticeable^ 

Lots  V  and  VI,  including  seven  head  of  bogs  each,  made  an  aver- 
age dally  K'tiD  per  head  of  .802  lbs.,  and  .809  lbs.,  respectively.  Lot 
y  receiving  tankage  consumed  320.4  lbs.  of  concentrates  to  make  100 
IbB.  gain,  while  Lot  VI,  ted  fishmeal,  consumed  317.S  lbs.  of  concen- 
trates to  make  the  same  gain.  These  two  lots  were  as  nearly  alike, 
ae  might  be  expected  had  they  both  received  the  same  ration.  On  al- 
falfa forage,  fishmeal  and  tankage  fed  In  the  same  proportions  gave 
Identical  results. 

At  the  end  of  the  tests  each  of  the  two  lots  of  plge  were  judged 
for  differences  In  condition  ot  flesh  and  finish.  The  flshmeal  lot  ranked 
slightly  higher,  bnt  the  difference  was  so  slight  that  no  distinction 
was  made  In  the  prices  paid  for  the  two  lots. 

The  comparative  feeding  tests  in  dry  Jot,  on  pea  forage  and  on 
Bifalfa  forage  involving  28  head  ted  B7  days,  36  head  fed  74  days,  and 
14  head  fed  65  days,  have  failed  to  show  any  marked  difference  In 
these  feeds. 

Table  IV  has  been  compiled  from  the  grain  requirements  per  100 
lbs.  body  gain  of  Lots  I  antf  III,  to  furnish  a  ready  reference  ot  the 
cost  of  gains  with  varying  feed  prfcee.  The  cost  of  100  lbs.  gain  Is 
based  on  teed  consumed  to  make  this  gain,  under  the  condition  of 
these  trials  and  makes  no  allowance  for  labor  and  other  factors. 

Table  V.  following  Table  iV,  was  calculated  In  a  similar  manner 
except  that  the  feed  consumed  per  100  lbs.  gain  of  Lots  II  and  rv  ar« 
used  as  the  baala. 

Tables  IV  and  V  demonstrate  the  similarity  In  the  cost  of  pro- 
ducing pork  when  either  flshmeal  or  tankage  are  used  as  protein 
supplements.  The  grain  required  to  produce  lOO  lbs.  gain  in  dry  lot 
is  greater  than  when  the  pigs  have  access  to  forage.  The  cost  of  grain 
per  100  lbs.  gain  In  dry  lot  constitutes  the  total  feed  charge.  The  cost 
11 
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ot  Kraln  led  on  loraga  must  be  lover  than  a  Blmllar  figure  for  diy  lot 
plgB  Blnce  no  definite  value  te  attached  to  tbe  forage.  It  will  be  tonnd 
throughout  the  Tables  IV  and  V  that  aa  the  concentratea  Increase  In 
price  the  margin  between  prices  of  grain  conaumed  per  unit  iu  dry 
lot  and  on  forage  becomes  wider. 


PART   I^(b)    TUVKAOE    COMPABED    WITH   FI8HMEAL— WHEN 
MINERALS  ARE  FED  IN   SELF-FEEDERS 

During  tb«  winter  of  1921-2S,  another  series  of  two  lots  ot  pigs 
with  12  head  each,  waa  ted  to  test  the  comparatlTe  feeding  value  of 
flshmeal  and  tankage.  Tbe  pigs  averaged  about  EO  lbs.,  being  IS  to 
20  lbs.  lighter  than  those  fed  the  preceding  winter.     These  two  lots 

TABLE  VI 
Tankage  Compared  tcith  Fithmeal  VnOer  Drv  Lot  Conditions. 


Lot  la 

Lot  Ila 
MnJiun 

No.    ot    piKS 

Dec.  4-Mttr.  23 

11 

Averaee   WeigJitt  and  Oaina    Ipoun&sj 

Average   initial   wt 

ICt.SSS 
1.0S4 

B1.193 

leS.ZTg 

llg.OSG 

l.OTl 

Averatn    datly    gala 

Powfuf*  Feed  Per  Ciot.  Oain 


9«:i3 

'll:JJ 

46.8fl 

43S.8C 

*33.09 

Average  Datly  Ration  ipoundi) 

S1&  ■■::::::;:::;::::;:::::::;:: 

.570 

fi?i 

S's^Sl^i  :::::: 

;4»a 

4.653 

4.T4I 
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la  and  II&,  were  selt-fed  a  mlaend  mixture  conBlstlng  of  S  parts 
steamed  twne  meal,  4  parte  alr-elached  lime,  and  1  part  common  salt 
The  pigs  were  not  forced  along  as  mucti  as  those  of  the  preceding 
winter,  making  arerage  daily  gains  for  the  llO-da?  period  of  abont 
one  pound  in  both  lots.  The  summary  <^I  the  test  in  Table  VI,  shows 
no  difference  In  the  feeding  value  of  tankage  and  flshmeal. 

It  Is  Interesting  to  note  that  the  pigs  consumed  from  1  to  S.Ibs. 
of  mineral  mixture  per  hundredweight  body  gain,  or,  abont  2.5^.5% 
of  the  total  feed  consumed.  The  pigs  in  thl8  test  were  better  grown 
ont  than  those  of  the  preceding  year  when  no  mineral  mixture  was 
fed  and  where  the  ptgs  were  forced  along  more  rapidly.  The  results 
of  the  winter  feeding  for  1921-22  are  in  full  agreement  with  the  same 
test  carried  on  during  the  winter  of  1920-21.  The  mineral  mixture 
did  not  aXFect  the  feed  required  to  make  100  lbs.  gain.  With  mixtures 
of  barley,  mlUrun,  and  high  ash  containing  feeds  like  tankage  and 
flshmeal  the  feeding  of  mineral  miituree,  although  undoubtedly  of 
considerable  benefit,  does  not  produce  as  pronounced  and  as  visible 
beneflts  as  when  fed  with  corn. 


PAST  II^-COCOANCT  MEAL   COHPAKED  WITH  TAJtEAOE   AKD 
MILLBim 

The  cocoanuC  meal  marketed  In  the  Northwest  comes  largely  from 
the  Philippine  and  Hawaiian  Islands.  Considerable  quantities  of  this 
meal  are  also  manufactured  from  cocoanuts  grown  on  large  plantations 
In  India,  Bast  Indies,  Ceylon,  and  other  tropical  countries  where  they 
are  grown  for  their  content  of  vegetable  oils. 

After  the  nnts  are  husked  they  are  split  Into  halves  and  dried  in 
the  hot  sun.  As  the  meat  shrinks.  It  parts  from  the  outer  shelL  The 
air-dried  meat  is  called  copra  and  contains  36%  to  54%  oil.  This  oil 
Is  expressed  In  the  presence  of  steam  and  the  cake  is  left  aa  a  by- 
product which  Is  ground  and  furnishes  the  cocoanut  meal  used  for 
feeding  purposes.  When  In  a  sound  condition,  it  is  red  to  brown  in 
color,  has  the  characteristic  cocoanut  odor,  le  sweet,  and  wsll-llked 
by  all  farm  animals.    In  hot  weather  It  baa  a  tendency  to  turn  rancid. 

The  cocoanut  meal  uBed  In  these  teats  contained  21.5%  protein 
and  8%  moisture. 

The  purpose  of  this  experiment  was  to  secure  some  Information 
concerning  the  best  method  of  using  cocoanut  meal  for  swine  feeding. 
Whether  It  la  advisable  to  replace  flshmeal  or  tankage  with  cocoanut 
meal,  or  use  It  to  replace  millrun  were  some  questions  considered. 

Three  lots  of  plge  were  fed.  One  lot  received  barley,  millmn  and 
flehmeal;  another  was  fed  a  three  to  one  mixture,  by  weight,  of  bar- 
ley and  millrun,  with  enough  cocoanut  meal  to  balance  the  ratton. 

IS 
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aince  the  cocoanut  meal  contaiiu  approximately  2270  protelD,  a  larger 
quantltj  is  neceeearr  to  balance  the  grala  mixture  than  when  teede 
contaiDinK  higher  iMrceatages  ol  protein  are  uaed. 

The  barley,  mlllran,  tankage  cknd  flshmeal  were  the  aame  as  thoae 
described  onder  Part  I. 

In  Liot  VII,  the  plge  were  much  lighter  and  In  consequence  the 
feed  consumption  less  than  In  the  other  two  lots. 

The  raUon  fed  to  pigs  In  Lot  VII  during  the  winter  of  1919-iiO. 
contained  almost  as  much  cocoanut  meal  as  of  barley  and  tankage 
combined.  It  was  neoeasary  to  feed  cocoanut  meal  in  large  quan- 
tities to  furnish  enough  protein  to  balance  tbe  ration.  Such  a  large 
proportion  of  cocoanut  meal  in  the  ration  of  young  pigs  rendered  the 
feed  extremely  bulky  and  unsatisfactory  results  were  obtained.  For 
this  reason,  the  following  year  cocoanut  meal  was  substituted  for 
mlllmn  rather  than  for  the  protein  supplements. 

It  Is  necessary  to  compare  Lot  VIII  with  Lot  IX.  receiving  Seb- 
meal  Instead  of  tankage,  because  the  two  lots  contained  ptgs  of  more 
similar  Initial  and  Snal  weights.  Tbe  check  lot  receiving  tankage, 
originally  planned  for  this  comparison  with  the  cocoanut  meal  lot  was 
discontinued  because  of  sickness  of  some  of  the  plge  before  they  at- 
tained a  comparable  final  weight  In  order  to  present  the  relation  of 
cocoanut  meal  and  mlllrun  as  a  hog  feed.  Lots  VIII  and  IX  are  com- 
pared. The  pigs  in  these  two  lots  were  of  almost  equal  weights  and 
the  difference  in  the  feeding  value  of  flshmeal  and  tankage  Is  too 
slight  to  be  of  any  practical  consequence.  Table  VII  summarizes  the 
work  done  with  cocoanut  meal. 

The  average  dally  gain  of  pigs  on  full  feed  In  Lot  VII  (see  Table 
V(I)  Is  only  one-half  pound  per  day  and  such  gains  point  to  the  In- 
advisability  of  using  cocoanut  meal  to  replace  feeds  like  tankage  and 
fishmeal  In  rations  of  young  pigs.  The  grain  required  to  make  100 
Iba.  bod?  gain  was  440,1  lbs.,  which  was  rather  high  In  comparison  to 
that  consumed  by  plgB  In  Lot  VIII  when  It  Is  considered  that  the  plga 
In  Lot  VIII  finished  at  a  weight  of  about  172  lbs.  as  compared  to  76 
lbs.  of  those  in  Lot  VII.  Light  pigs  fed  rations  balanced  with  tankage 
may  be  expected  to  require  much  less  grain  to  make  such  a  gain. 
Pigs  in  Lot  XII  (see  Table  XIIJ,  page  27),  started  at  about  the 
same  weight.  They  were  fed  In  dry  lot  a  ration  of  barley,  mlllrun  and 
tankage.  At  the  end  of  thirty  days  they  weighed  10S.43  Iba.  and  re- 
quired only  381.2  lbs.  of  concentrates  per  100  lbs.  of  body  gain. 

An  average  daily  gain  per  head  of  1.429  Ibe.  for  Lot  VIII,  and 
1.440  lbs.  tor  Lot  IX  was  made  during  a  period  of  74  days,  showing 
the  possibility  of  feeding  cocoanut  meal  in  place  of  mlllrun.  especially 
when  cocoanut  meal  Is  much  cheaper  than  mlllrun.  It  required 
417.63  lbs.  of  barley,  cocoanut  meal,  tankage  mixture  to  produce  100 
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TABLE  VII 
of  Cocoanut  Iteai  Teiti  OompareA  with  Thote  For  FUh^tetl 


Lot  VH 
Dry    Lot 

Lot  VIII                     Lot  IX 
Dry    Lot                   Dry    I^t 

Barley                     Barley 
Cocoanut                  MLlrnn 
TankWe                FlBhmeal 

Tear    „- 

1S19-S0 
Dec.  Z4-Feb.  21 

Jan.   I"ipr.   1 
li 

Jan.   }|?ipr.   I 

". 

Average  Weights  and 

Sain*  {po%nd» 

:eo6 

sa.fli 

"fl. 

Average  rain  per  head.... 

8         y  K8 

Average  Daily  Ration  Per  Head  (pounda) 

.196 

a!f 

Cocoanut   meal   

Ji'ii 

Z.S2S 

5.9«S 

Poundt  of  Feed  Per  100  L0».  of  Oain 


176.B 
68:4 

ZSG.SO 

3S.E8 
417.63 

440.1 

Ibe.  body  gain,  while  plga  ted  barley,  ndllrun  &nd  flsbmeol  required 
443.12  lbs.  grain  to  make  a  elmllar  gain. 

The  plRs  In  these  two  lots  were  put  on  test  at  about  the  same 
weight,  and  finished  the  test  at  about  the  same  weight,  do  marked 
dlDerencea  In  condition  being  noticeable. 

A  compariBOD  of  tbe  various  constituents  uecessarr  to  produce 
100  lbs.  body  gain,  gives  directly  the  replacement  value  of  cocoanut 
meal  In  terms  of  barley,  mtllrun  and  fishmeal.  It  shows  that  9BM 
lbs.  of  cocoanut  meal  has  the  replacing  value  of  16.31  tbe.  bailey,  plus 
100.70  lbs.  mlllrun  pins  2Ji  lbs.  flshmeal.  In  this  pajtlcular  trial  tbe 
cocoanut  meal  was  more  valuable  than  millmn. 

Table  VIII  shows  at  a  glance  the  approximate  cost  of  100  lbs. 
body  gain  based  on  the  feed  requirements  of  Lot  VIII. 
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t  Concentraiet  Per  100  LJu.  of  Body  Gain  For  Pigs  Between 
WeighU  0/  Sn-150  LhM.  with  Varying  Feed  Pricei. 


Price  ot 

Tankage 

Per  Ton 

i?.'.J 

Lot  II 

KO.OO 

I.at   III 

Lot  IV 

180,00 

i«o'.«T 

Barley                  ItO 

4:ii 

7.10 

Hi 
1:1! 

g.es 

•V.V. 

Ml 

!:5I 

8.71 

•sr. 

t.it 

Kl 

7.te 

7.'9« 

b:s9 

tE.Ot 

1:.'! 

7.17 

s.to 

8.  Si 
9.07 

'H? 

s:«g 

7:Si 

«0 

S.M 

PAST  m^LDTSEED  MEAL  AS  A  PBOTEIH  SUPFLEMEIfT  IN  HM 

BATIONS  WHEN  FED  SUTOLT  AND  IN  HIXTCBES  WITH 

TANKAGE  AND  WITH  FI9HKEAL 

New  proceea  lluaeed  meal  Is  the  ground  product  obtained  from 
seed  which  has  been  screened  and  cleaned  of  weed  aeede,  and  after 
eztractlOQ  of  part  of  the  oil  by  crushing,  heating  and  the  use  ot  sol- 
vents. Old  process  linseed  meal  is  the  product  obtained  after  extrac- 
tion of  part  ot  the  oil  by  cntahing,  cooking  and  hydraulic  pressure. 
The  new  process  Unseed  meal  used  daring  these  teste  contained  31.1G% 
digestible  crude  protein.  The  digestible  nutrients  ot  the  feeds  fed  in 
this  sertes  follow: 

Per  Cent  Crude  Per  Cent  Total 

Protein  Digeatihte  Sutrienta 

Barley    „ 5.81  70.60 

Millrun    16.M  7<.51 

Unseed  Meal  _ 31.16  71.85 

Digester  Tankage  36.20  66.S0 

Plshmeal  41.36  65.80 

The  abore  figures  were  calculated  from  direct  analyses  made  ot 
the  feeds  and  by  use  of  coefflcients  of  digestibility  worked  out  with 
pigs  for  similar  feeds  and  reported  in  Special  Bulletin  ot  the  Mas- 
sachnsetts  Agricaltnral  Experiment  Station  for  Norember.  1919. 
i» 
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The  vork  with  linseed  meal  ves  undertaken  to  atudj'  the  ef- 
tecUveneBB  of  a  regetable  protein  eupplement  In  supporting  groirtb 
of  fHttenlng  pigs.  A  comparison  with  protein  rich  feeds  of  animal 
origin  le  also  made.  Since  tankage  and  fishmeal  cost  more  per  ton 
than  linseed  oil  meal,  a  study  of  the  entire  or  partial  substitution 
of  the  cheaper  teed  tor  the  more  costly  ones  is  of  interest  Further- 
more, mlxtnres  of  equal  parte  of  flshmeal  with  linseed  oil  meal,  or  of 
tankage  with  linseed  meal,  might  he  expected  to  contain  a  protein  of 
better  Quality  than  either  teed  ted  alone,  one  probably  correcting  tbe 
defldeucy  of  the  other. 

.  To  Btndy  the  points  a  series  of  rations  was  planned  according  to 
the  following  scheme: 

Lot      t~3  parts  rolled  barley,  1  part  millmn,  tankage  to  balance 

Lot    II — 3  parts  rolled  barley,  1  part  mlllniQ,  flshmeal  to  balance 

.  Lot  III — 3  parts  rolled  barley,  1  part  millmn,  linseed  meal  to  bal- 
ance ration. 
Lot   IV — 3  parts  rolled  barley,  1  port  mUlrun,  equal  parts  tankage 

and  linseed  meal  to  balance  ration. 
The  proportions  of  feeds  ted  are  given  in  Tabl«  II. 
An  Idea  of  tbe  comparative  feeding  value  of  linseed  meal,  flshmeal 
and  tankage  can  be  obtained  from  Table  IX.    Later  another  lot  was 
fed  a  supplement  consisting  of  equal  parts  of  flshmeal  and  Unseed 

From  the  following  table  It  Is  evident  that  the  flshmeal  lot  (Lot 
II)  made  the  highest  average  dally  gain  of  1.074  lbs.  followed  by 
1.060  lbs.  for  those  fed  tankage.  The  linseed  meal  lot  made  the  low- 
est gain  of  .922  lbs.  The  grain  required  to  produce  100  lbs.  gain  was 
largest  for  the  pigs  fed  linseed  meal.  At  the  close  of  the  test,  the  plga 
In  Lot  III  were  In  slightly  higher  condition  than  those  In  Lots  I  and 
II  and  were  "chubbier"  but  not  grown  out  as  well. 

The  results  Indicate  that  there  Is  very  little  difference  In  the  feed- 
ing value  of  S9%  protein  tankage  and  67%  protein  flshmeal.  They 
are  In  agreement  with  the  results  of  the  two  years  Immediately  pre- 
ceding where  no  difference  in  feeding  value  of  60%  protein  tankase 
and  66%  protein  flshmeal  could  be  detected  In  both  dry  lot  and  on 
forage.  Tbe  vegetable  protein  supplement  did  not  produce  as  good 
gains  and  as  satisfactory  growth  as  the  protein  rich  feeds  of  «tiIiii«i 
origin.  Results  with  mixtures  of  Unseed  meal  with  either  tankage  or 
flshmeal  are  Included  In  Table  X. 

Mixtures  of  equal  parts  of  Unseed  meal  and  tankage  and  of  Un- 
seed meal  with  flshmeal  proved  to  be  better  supplements  than  Unseed 
meal  alone,  but  were  not  as  good  as  either  flshmeal  or  tankage  fed 
singly.    The  mixture  of  equal  parts  of  tankage  and  linseed  meal  pro- 
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Part  Ill—The  Value  of  Linseed  Jteal  at  Contpartd  with  Tankage  and 
with  FithMeal  When  Fed  to  Boot  Vnder  Dry  Lot  Oonditlont. 


I.Ot   III 

LInaeed  meal 

Lot  I 
Tankftxe 

Lot  II 

No.     Of    PlgB 

Dec.  <-Mar.  SS 

11 
Doc.  4-Mar.  88 

D.C  .  M.r  n 

Averaoe  V 

mghtt  and 

Joins  {pounds 

50,000 
1B1.408 

ioi.4oa 

.9SS  ■ 

60.240 

118!64S 
1.010 

Total    KBln   | 

Average   dally  gain 

118.085 

Average  Daily  Ration   (potmds) 


Po* 

ids  Feed  Per  lOQ  Lbs.  Gain 

314.76 
105. ZO 

287.07' 
S3'.T7 

.■43 

1.88 

Tot*l     _... 

...... 

FiBhmeal    

Hlnoral  mixture* 
ToUU 


■t  'j^.W 


r-alacked  Urn;. 


duced  slightly  higher  average  dally  galoo  ttaan  the  pigs  fed  Unseed 
meal  as  a  eupplement.  Lot  V  fed  a  supplement  consisting  of  equal 
parts  of  Ilnaeed  meal  and  flsbmeal  made  the  largest  dally  gains.  The 
flgnres  for  this  lot  can  hardly  b«  compared  with  those  for  the  other 
fonr  lots.  The  pigs  In  this  lot  were  out  of  later  litters,  and  were 
placed  on  feed  a  whole  month  later.  Since  they  were  fed  110  days 
Jnst  like  the  other  four  lots,  they  had  a  month  of  more  favorable 
weather  during  the  latter  part  of  the  test.  Their  teed  consumption 
was  greater  and  they  finished  at  an  average  weight  of  204.19  lbs.,  as 
21 
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TABLB  X 

A  Oompariaon  of  Un»eed  Jfeol  f «d  Binglj/  and  in  Uixturei  toUh  ]*(Mfc- 
age  and  FithmeaJ  in  Balanced  Bog  Rations. 


Lot  III 

Barley 

Mlllrun 

Linseed  me«a 

Lot  rv 

Barter 
UlllruD 

Lot  V 
Barley 

No     of   »1« 

It 

Dee.  i-tSmi.  23 

110 

Dee.  4-Mar.  BJ 
110 

Jan.  13-kIay  1 
110 

DmyB    -..- 

Average  Weight*  and  Oaint   fpownd*) 


Averare   Initial   wt 

ATeraE«    final    wt 

Average   dally  caln.... 


58.571 
tOl.lM 

14S.41S 
l.tt4 


Pounds  Feed  Per  100  Lt>t.  Oain 


US:?! 

SOI.OE 

■.■:iS 

»Te.S6 

50i.es 

Average  Dtttly  Ration  (pounOe) 


'.aid 

•ui 

HS^,  KU-;:::::::::::: 

4.«t7 

.]t> 

4.7*6 

:»• 

— Tifli 

compared  to  161.403  Iba.  for  the  linseed  meal  loL  Owlns  to  their  higb- 
er  coDdition,  a  lilglier  grain  requirement  per  anit  gain  ia  expected. 
The  mixtures  appear  to  liave  no  distinct  advantage.  The  greater  teed 
consumption  hy  this  lot  would  tend  to  show  that  this  mixture  w«a 
highly  palatable. 

PABT   IT.~CAIfE    HOLA^ES    COXPABED     WITH    BAKLET     OH 
FOBA«E   AND   UTTDEE  DBT   LOT   COITDITIOKS 

Hawaiian  cane  molasses  coming  into  the  western  parts  of  Wash- 
ington can  freqaentl7  be  ahtalned  at  a  lower  price  per  ton  than  cere*! 
grains.  For  this  reason  the  work  was  outlined  so  as  to  obtain  di- 
rectly a  comparison  of  the  feeding  value  of  cane  molaasea  and  rolled 
barley  for  pigs. 

It 
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Two  lots  of  plgB  were  fed  In  (Ir7  lot,  all  recelvliiE  barlej,  mjllnui 
and  tankage,  with  the  exception  that  one  lot  had  one-half  of  Ita  bar- 
ley replaced  bj  cane  molasseB.  Two  other  lots  received  Bimllar  feeds 
while  pasturing  peas,  the  rations  on  forage  belsg  about  one-half  in 
quantity  of  those  fed  lo  dry  lot 

The  averse  daily  gains  and  feed  required  per  unit  of  gain  when 
initial  and  final  weights  of  the  hogs  In  Tartous  lots  are  practically 
Identical,  form  the  basis  of  comparing  barley  with  molasses. 

The  barley,  mlUrnn  and  tankage  are  the  same  tn  part  as  those 
fed  to  pigs  In  lots  discussed  under  Parts  I  and  II,  and  III. 

The  cane  or  black  strap  molasses  Is  a  product  of  sugar  reflnertes 
and  Is  composed  largely  of  plant  Juices  havltig  a  varying  sngar  con- 
tent. It  Is  a  palatable  and  appetizing  feed,  the  nutritive  value  of 
which  depends  upon  a  varying  sugar  content,  which  may  range  from 
45%  to  60%,  depending  on  thoronghness  with  which  sugar  Is  ex- 
tracted. It  Is  strictly  a  sugar  feed,  supplying  only  traces  of  protein 
and  no  fat.  The  moisture  variation  of  molasses  ted  during  this  test 
was  small,  ranging  from  30%  to  31%. 

Cane  molasses  may  be  fed  In  small  Quantities  as  an  appettcer,  but 
In  the  dry-lot  tests  It  replaced  one-half  of  the  barley  In  the  proportion 
of  one  and  one-half  parts  molasses  to  one  part  barley  and  on  pea 
forage  it  replaced  equal  parts  by  weight  of  barley. 

The  pigs  Id  Lot  I  consumed  an  average  of  6.8  lbs.  grain  mixture 
per  day.  This  consisted  ot  about  6T^%  rolled  barley,  22^%  millrun, 
and  10%  tankage. 

Those  In  Lot  X  received  the  same  ration  with  the  exception  that 
about  2.6  lbs.  of  cane  molasses  was  substituted  for  LS  lbs.  rolled  bar- 
ley. This  Is  In  about  the  proportion  of  1^  parts  molasses  for  one 
part  rolled  barley.  Although  the  pigs  In  Lot  X  consumed  e.6E  lbs.  ot 
feed  per  day,  It  Included  2i^  lbs.  of  cane  molasses  containing  31% 
moisture,  so  that  on  the  basis  of  dry  matter,  the  ration  of  this  lot 
compares  much  more  favorably  with  that  ot  Lot  I  than  Is  apparent 
tram  Table  XI. 

The  pigs  in  Lots  III  and  XI,  on  pea  forage,  received  similar  grain 
rations,  except  that  one-half  of  the  barley  In  the  ration  ot  Lot  XI  was 
snbstltuted  for  an  equal  weight  of  cane  molasses. 

The  molasses  was  fed  one  part  U>  three  parts  of  water  and  mixed 
with  grain  to  form  a  thick  slop.  The  results  of  the  trials  with 
molssaes  are  presented  in  Table  XI. 

In  the  following  table  (Table  XI)  it  will  be  noted  that  the  aver- 
age Initial  and  Qnal  weights  o(  pigs  In  the  four  lots  permit  very 
accurate  comparisons. 

Lot  I  made  an  average  dally  gain  ot  1.314  Iba  tor  67  days,  con- 
suming 441.38  lbs.  feed  to  make  100  lbs.  gain;  while  Lot  X,  receiving 
molasses,  averaged  1.116  lbs.  daily  per  head  tor  74  days  and  required 
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TABLE  XI 
Ret%lU  of  Feeding  Tetta  toith  Cane  UotOMei. 


Lot   I 

Dry  Lot 
Barley 
Mlllrun 

Tankase 
«0% 

Lot  X 
Molasaes 

Lot  tit 

Lot    XI 

HOlMMS 

Yemr   

Date   

M»r.  16 

ET 
1« 

1911 

Jan.  IS- 

April   1 

74 

i>sa 

Jul7  19- 
8*Pt.  30 

74 

IT 

ista 

July  1»- 
Sept.  30 

No.  of  ptga  per  lot... 

Average  WeighU  and  Oaim   (jumndt) 


Averase  Initial  wt 

ei.t4 

*6.78 

eE.49 

•6.«e 

I14.GS 

148.18 

144.3i 

148.8* 

AverBKe  gain  per  head 

74.8g 

T8.83 

84.11 

Average  dally   gain.... 

I.S14 

1.116 

t.oes 

1,138 

Po%nd$  Feed  Per  100  Lbt. 

Gain 

1         2S8  0Z 

207.07 
118.48 

IS 

Tank«Ke    

Ua\ 

Total    .... 

•596.04 

285.24 

!a0.43 

Average  Dailn  Ration  Per  Head  (pound*) 


Barley    

1           3„, 

ii 

1.061 

■.s»i 

,1s 

,.-l           6.789 

Total    

l.«6t 

J.038 

2.KE0 

•This  figure 


eludes  227.78  lbs.  of  rj 


coDtalnlnic  31%  of  a 


596.04  Iba.  feed  per  100  tbs.  body  K&ln.  It  took  the  molassea-ted  lot 
IT  more  daya  to  reach  a  weight  alinllar  to  those  of  the  hogs  In  Liot  I. 

TJader  the  condition  of  this  trial  91.10  lbs.  of  barley  were  equlva- 
tent  In  feeding  value  to  17.11  lbs.  mlllnm  plus  .73  lbs.  tankage  pins 
227.79  lbs.  cane  molasses. 

The  work  with  molasses  on  forage,  where  molasses  was  sub- 
stituted for  an  equal  weight  of  barley,  gave  more  tarorable  results. 
The  pigs  In  Lot  III  made  an  average  daily  gain  tor  74  days  ol  1.0C5 
lbs.  with  a  grain  requirement  of  28G.24  lbs.  per  lOD  lbs.  body  gain. 
The  pigs  receiving  molasaea  In  Lot  XT  made  an  average  dalLv  gain  per 
head  of  1.13S  lbs.  for  74  days  consuming  250.43  lbs.  concentrates,  tn- 

14 
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eluding  moIosBM,  per  100  lbs.  body  gain.     The  molaasea^ed  plga  r» 
quired  34. S7  lbs.  leas  cODcentntee  per  IDO  lbs.  gain. 

In  this  test  109.27  lbs.  barter,  10.S8  lbs.  mlUrun,  4.18  iba.  tankage 
plua  pea  forage,  had  the  feeding  value  of  S9.66  lbs.  molasseg  plus  pea 

The  cost  of  prodaclng  100  lbs.  of  pork  with  the  feeds  at  different 
prices,  was  computed  on  the  basis  of  tbe  conditions  of  the  foregoing 
experiment    These  flgurefi  are  Included  In  Table  XII. 

FABT  T^-PBODUCTIOV  OP  POBK  ON  FOBAGE 

Hogs  fed  on  forage  compared  with  those  fed  In  Atj  lot  are  usually 
healthier  and  more  rigorous.  They  hare  the  advantage  of  cleaner 
snrroundlnKB,  more  ezerdae  and  a  feed  of  a  laxative  natnre,  which 
minimize  the  chance  of  digestive  disorders.  The  labor  saved  In  har- 
vesting the  crop  and  caring  for  the  manure  as  well  as  the  lower  grain 
requirement  per  pound  of  pork  produced,  are  points  in  favor  of  this 
sjstem.  of  raising  spring  farrowed  pigs. 

Successful  forage  crops  for  hogs  should  be  well  adapted  ta  the 
climatic  and  soil  condition,  so  as  to  furnish  forage  for  a  long  growing 
seasoa  and  to  produce  auOlcient  feed  per  acre  to  compete  with  other 
crops  grown  under  eimllar  conditions.  They  ahonld  be  palatable  and 
fairly  high  In  protein.     Legume  crops  have  this  advantage. 

At  the  present  time  the  two  most  common  forage  crops  used  lor 
hogs  In  Eastern  Washington  are  alfalfa  and  peas.*  Vetch  la  alao 
grown  to  a  limited  extent  for  this  purpose.  The  work  here  reported 
la  confined  to  experiments  with  the  first  two  crope. 

The  work  provided  for  two  lots  of  pigs  on  pea  forage  to  receive 
the  same  grain  rations  with  the  exceptions  that  one  lot  was  to  receive 
tankage,  tbe  other  lot  flahmeal.  The  two  lots  received  similar  rationa 
For  each  forage  lot  there  was  to  be  a  check  lot  of  comparable  pigs  fed 
la  dry  lot,  so  that  returns  per  acre  of  forage  conld  be  determined  di- 
rectly. 

The  work  was  planned  to  have  the  initial  and  final  weights  of 
lots  of  pigs  In  each  set  of  comparisons  aa  nearly  alike  as  was  prac- 
tical, perndttittg  the  length  of  the  test  to  vary,  if  necessary,  to  attain 
this  end.  The  grain  required  to  produce.  100  lbs.  of  gain  by  the  cheiA 
lot  was  to  be  used  In  determining  what  part  of  the  total  gain  ta  piga 
on  forage  receiving  grain  was  due  to  grain  and  what  part  was  due 
to  forage. 

The  feeds  uaed  in  dry  lot  and  on  forage  have  been  already  41a- 
cuseed  under  a  similar  heading  In  previous  parts. 

Table  XIII  Is  a  summary  of  the  forage  and  dry-lot  feeding  teMa 
ablch  form  the  baele  of  evaluating  an  acre  of  each  forage  teetad. 


•Although  the  mature  need  li 
ausit  of  the  sterna  and  leaves 
laBirytng-  this  crop  b.b  a.  tomge 
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The  profit  p«r  acre  of  forage,  when  grain  is  fed  to  hogs  on  pas- 
tare,  can  be  calcnlated  by  first  flguring  Qm  grain  reQntremeat  tor  the 
production  of  IDO  lbs.  of  pork  for  tbe  ptgs  fed  in  dry  lot  The  total 
grain  fed  the  lot  of  pige  on  forage  Is  dlrlded  by  thla  figure.  The 
qnoUent  is  the  estimated  amount  of  pork  that  the  total  grain  fed  oo 
forage  would  have  yielded  had  It  been  fed  In  dry*  lot.  By  subtracting 
this  quotient  from  the  actual  amount  of  pork  produced  per  acre  the 
result  represents  the  amouut  of  pork  to  be  accredited  to  the  forage. 

Another  method  of  evaluating  the  forage  is  by  calculating  the 
grain  required  to  produce  100  lbs.  of  gain  on  pigs  In  dry-lot  tests  as 
compared  with  the  grain  requlremeut  for  simitar  gains  with  pigs  on 
forage  lota.  The  number  representing  the  total  pounds  of  pork  pro- 
duced per  acre  of  forage  is  multiplied  by  the  amount  of  grain  con- 
sumed per  pound  of  gain  by  tbe  pigs  In  dry  lot.  The  product  U  the 
estimated  grain  equfvalent  necessary  to  produce  that  quantity  of  pork 
in  dry  lot.  Subtracting  from  tbe  grain  equivalent  the  grain  con- 
sumed by  the  pigs  running  on  one  acre  of  forage  the  reenlt  represents 
the  grain  saved  by  that  area  of  forage. 

In  Table  XIII  are  tabulated  the  results  with  eight  lots  of  pigs, 
four  lots  being  fed  In  dry  lot  and  the  same  number  fed  on  forage. 

Lots  I  and  II,  III  and  IV,  XII  and  V.  XIII  and  VI  form  the  baslB 
of  evaluating  the  two  forages  tested. 

Lot  III,  on  pea  forage,  receiving  a  balanced  grain  mixture  of  bar- 
ley, miUruu  and  tankage,  required  l&tS.l  lbs.  less  grain  to  make  100 
lbs.  of  gain  than  the  dry-lot  ptgs  In  I<ot  I.  This  quantity  of  grain  In- 
cluded 104.63  lbs.  barley,  34.95  lbs.  mtUrun  and  16.67  lbs.  of  tankage. 

There  were  eight  pigs  per  acre,  and  the  average  total  gain  per 
pig  for  the  experimental  period  was  78.83  lbs.  The  forage  and  grain 
produced  a  total  ol  630.61  lbs.  of  pork.  The  grain  required  In  dry  lot 
(see  Lot  I)  to  produce  100  lbs.  of  pork  was  141.3  lbs.  To  produce  630 
lbs.  pork  under  those  conditions  would  require  2781.2  lbs.  of  grain 
mixture.  The  grain  fed  besides  the  forage  consumed  in  Lot  III  was 
286.2  lbs.  <see  Table  XIII.  Lot  III).  To  produce  630  lbs.  of  pork  on 
forage  would  have  required  6.3  times  the  above  quantity  or  1796.8  lbs. 
grain. 

The  saving  of  grain  due  to  an  acre  of  pea  forage  estimated  to 
jltAA  IT  bushels  of  grain  per  acre  (1020  lbs.)  was  6&9.2  lbs.  barley, 
SSO.l  mUlmn  and  106.0  lbs.  tankage,  a  total  of  984.3  lbs.,  which  would 
produce  223  lbs.  of  pork  In  dry  lot  It  is  of  Interest  to  note  In  the 
oomparlsons  of  pigs  that  the  average  Initial  and  final  weights  for  the 
forage  lots  and  dry  lots  are  almost  Identical.  This  eliminates  dis- 
crepancies due  to  differences  of  weight. 

Lot  II  and  IV  when  compared  In  a  similar  manner  as  Lots  I  and 
II  may  be  expected  to  show  only  slight  differences  because  fishmeal 


£T 
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wRB  fed  Instaod  of  tankage — bat  the  major  cause  of  difference  would 
be  dne  to  tbe  fact  that  In  Ixit  IV  there  were  six  plga  per  acre  of  peu 
as  compared  to  eight  plga  per  acre  of  peaa  In  Lot  III. 

Sach  a  comparlBon  abaws  that  an  acre  of  peas  yielding  1G.5  bush- 
els per  acre  (Sao  IbB.  of  peas)  canrlng  sis  pigs,  effected  a  saving  ol 
391.9  IbH.  barley,  230.S  lbs.  mlllrnn,  78.4  lbs.  flshmeal,  a  total  a 
E01.1  lbs. 

Thla  quantity  of  grain,  basing  the  comparison  on  Lot  II  woald 
produce  145.81  lbs.  pork  In  dry  lot  It  Is  seen  that  returns  per  acre 
dro  not  as  good  with  six  pigs  as  with  eight,  and  It  shows  tbat  six 
pigs  per  acre  are  not  sofflclent  for  maximum  returns.  In  snbseqnent 
teste  tbe  carrying  capacity  per  acre  of  peas  will  be  Increased.  By 
comparing  Lots  XII  and  V,  and  XIII  with  VI,  tbe  returns  per  acr« 
of  alfalfa  forage  can  be  determined. 

The  first  comparison  shows  a  saving  of  311.7  lbs.  of  balanced 
grain  mixture  per  acre  of  forage  wltb  eleven  pigs  to  the  acre,  tbe 
second  comparison  showing  a  saving  of  309,6  lbs.  balanced  grain  mix- 
ture. These  quantities  ted  In  dry  lot  to  pigs  of  similar  wel^ts  would 
have  produced  81.7  lbs.  of  pork  and  80.1  lbs.  of  pork,  respectively. 

Tbe  alfalfa  was  pastured  66  days,  from  August  11  to  October  IE, 
inclusive,  after  the  flret  crop  of  bay  was  removed. 

The  pea  forage  reduced  the  grain  necessary  to  make  100  Ib«. 
gain  by  47.6%,  and  alfalfa  forage  effected  a  saving  of  47.8%  tor  an 
identical  gain. 

For  the  cost  of  100  lbs.  body  gain  of  bogs  on  pea  forage  as  com- 
pared to  costs  of  similar  gains  in  dry  lot  with  varying  feed  prices, 
see  Tables  IV,  V  and  XII. 


D.n.iized  by  Google 


3 


STATE  COLLEGE  OF  WASHINGTON 
AGRICULTURAL  EXPERIMENT  STATION 

PULLMAN.   WASHINGTON 


DIVISION  OF  ANIMAL  HUSBANDRY 


LAMB  FEEDING  EXPERIMENTS 

AT  THE  IRRIGATION  BRANCH  STATION 

-    Bj    - 
H.  HACKEDORN,  R.  P.  BEAN  and  J.  SOTOLA 


BULLETIN  NO.  170 
August  1922 


All  bnlletlna  o(  this  station  are  sent  free  to  cttizena  of  the  State  c 
application  to  the  Director. 


D.n.iized  by  Google 


BOARD   OF   REGENTS 


A.  D.  Dunn,  President... 


E.  0.  Holland  {President  of  the  College, 


-Walla  Walla.  Wash. 


...Roaalta,  Waab. 


EXPERIMENT  STATION  STAFF 

Edward  C.  Johnson,  M.  A Dlrector 

L.  J.  Smilh,  B.S Agricultural  Engineer 

Howard  Hackedom,  B.S „ Animal  HuBban<lr>' 

J.  Sotota   M.S - „ Assistant  In  Aoimal  Husbandry 

W.  I.  Nightingale,  B.S,  _ - Assistant  in  Bacteriology 

J.  L.  St.  John.  M.S -_ Acting  Chemist 

J.  R.  Neller,  Ph.D Assistant  Chemist 

Otto  McCreary,  B.S _., „ „ _„ Assistant  Chemist 

E,   V.  Ellington,  B.3 Dairy  Husbandiy 

Robert  D.  Tucker,  B.S Ofllciai  Testing 

A.  L.  Melander,  D.  Sc  Entomology  and  Zoology 

W.  T.  Shaw,  M.S „ Zoology 

Anthony  Spuler,  H.3.  Assistant  in  Entomology 

E,  0.  Schater,  M.S _ -..Farm  Crops 

E.'  F.  Oalnes,  D.  Sc* _ Cereallst,  Farm  Crops 

O.  E.  Barbee,  B.S Assistant  In  Farm  Crop* 

F.  J,  Stevenson  B.S.* Assistant  in  Farm  Crops 

Geo.  Severance,  B.S.  ..._ ^...Fann  Management 

E.  R.  Johnson,  M.S .Rwearcli  Assistant  in  Farm  Management 

O.  M.  Morris,  M.S - „HorUculture 

Roy  Larsen,  B.S,"", _ _ _ Assistant   Horticulturist 

O.  L.  Waller,  Ph.M I Irrigation  Bogineering 

F.  D.  Heald,  Ph.D _ „ Plant  Pathology 

B,  F.  Dana,  M.S - _ Assistant  Plant  Pathologisl 

R.  V.  Mitchell,  B.S ~ Poultry 

F.  J.  Sievers,  M.S - .- Soils 

Henry  Holts,  M.S „ Assistant  Soil  Physicist 

J.  W.  Kalkus,  D.V.S.  Veterinary  Science 


Adams  Branch  Station,  Llnd 
C.  E.  Hill,  B,S." m  charge  Watervllle  Branch  Station,  Watervllle 

B.  P.  Bean,  B.S." Supt.  Irrigation  Branch  Station,  Proaser 

H.  P.  Singleton,  B.S Ast.  in  Crops,  Irrigation  Branch  Station, 

Proaser 

C.  C.  Wright,  B.S." Irrigation  Engineer,  irrigation  Branch 

SUtlon.  ProBser 
■In  co-operation  with  the  United  States  Department  of  Agriculture. 
••In  co-operation  with  Chelan  County. 


D.n.iized  by  Google 


EXCHANG 

"rm  STATE    £:#-^^<2>2-' 


TABLE  OF  CONTENTS 


INTRODUCTION    . 


PLAN  AND  DESCRIPTION  OP  EXPERIMENT 6 

The  Plan  _ -    6 

The  LambB  6 


Treatment  of  Lamba  up  to  BeglunlDg  of  Experiment T 

Feeds  Fed  During  Teat - ^ „ 7 

Analyaes  of  Feeds ^ „_ 8 

Equipment  „ 10 

Method  of  Feeding 10 

PART  I 

(A)  Firet,  Second  and  Third  Cuttinga  o(  Alfalfa  Hay  Compared.  11 

(B)  First  Cutting  Sweet  Clover  Hay  Compared  with  Flrat  Cut- 
Ung.  Alfalfa  Hay „ „ „ 11 

Dlacnaslon  of  Reeults „ 11 

Summary   Table   12 

Nutrient  Content  of  Ratlona  13 


PART  II— Light  and  Heavy  Grain  RatlosB  Compared 13 

Introduction    „ ^ 18 

Summary  Table  _ 14 


Dlacussion  of  Results 

Nutrient  Content  of  Rations  .. 


PART  III— A  Study  of.the  Value  of  Silage  in  Lamb  Rations.... 
Introduction   


Summary  Table 

Discussion  of  Results _... 

Nutrient  Content  of  Rations  . 


Introduction   

Summary  Table  .. 


Dlacussion  of  Results 

Nutrient  Content  of  Rations  .. 


D.n.iized  by  Google 


s 
as 


;:i 


by  Google 


LAMB  FEEDING  EXPERIMENTS 

AT  THE 

IRRIGATION  BRANCH  STATION 

By 

H.  HACKEDORN,  R.  P.  BEAM  and  J.  30T0LA 

INTRODUCTION' 
It  Is  recognized  tha.t  moat  lamb  feeders  sre  desirous  of  knowing 
more  about  tbe  comparative  feeding  valuee  of  first,  second  and 
tbfrd  cuttings  of  alfalfa  hay.  Also  an  Increasing  interest  Is  shown 
In  sweet  clover  hay  In  regions  where  land  Is  not  suited  to  alfalfa. 
The  best  proportion  of  grain  to  roughage  to  be  fed  In  rations  of 
fattening  lambs  for  most  economical  returns  Is  also  of  general  In- 
terest. Ukewlse  the  advisability  of  producing  com  silage  for  fat- 
tening lambB,  when  good  quality  hay  1b  available  Is  more  or  less 
questioned.  The  practice  of  feeding  cottonseed  meal  In  rations  for 
fattening  lambs  is  dependent  chiefly  upon  the  extent  and  cost  of 
grains  produced  and  upon  the  market  quality  secured  In  the  animals 
above  those  on  similar  rations  where  no  cottonseed  meal  Is  ted. 
The  advlBahUity  of  feeding  cottonseed  meal  Is  also  affected  by  the 
quality  of  roughage  ted.  Tbe  feeders  in  the  sugar  beet  sections  and 
adjacent  areas  can  profit  by  a  study  of  the  method  of  feeding  beet 
molasses  in  direct  comparison  with  known  concentrates  so  that 
there  may  be  some  reliable  basis  for  evaluatlog  this  feed. 

In  this  publication  there  are  presented  and  discussed  the  data 
obtained  during  the  winter  of  1921-22  from  experiments  conducted 
at  the  Washington  Irrigation  Branch  Station  at  Prosser  for  the  pur- 
pose of  obtaining  definite  Information  of  immediate  value,  having  a 
direct  bearing  on  the  preceding  questions  and  topics.  The  material 
is  divided  and  discussed  under  four  general  subheads  for  the  purpose 
of  comparing  the  following: 
Part      I — (A)  First,  second  and  third  cuttings  o(  alfalfa  bay. 

(B)  First  cutting  sweet  clover  hay  with  first  cutting  al- 
falfa hay. 
Part     II — Light  and  heavy  grain  rations. 
Part   III — Silage,  hay  rations  with  straight  hay  rations. 
Part   IV — Beet  molasses  with  com  when  it  replaces  one-third  of  the 

PLAN  AND  DESQRIPTION  OF  EXPERIMENT 
THE  PLAN: 

In  each  sub-group  of  the  experiment  the  lambs  were  divided  into 
lots  of  60  head  each.  Lots  I  and  VII  being  duplicates,  are  averaged 
together  as  Lot  I.    This  one  lot  of  100  lambs  fed  first  cutting  alfalfa 
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hay,  la  compared  with  lots  ot  60  lambs  Fed  2iid  and  3rd  cuttlns  of 
alfalfa  hay  and  with  another  lot  of  60  lambs  fed  first  cutting  sweet 
clover  hay. 

An  outline  ot  the  rations  fed  follows: 
PART  1 

(A)  To  compare  first,  second  and  third  cuttings  of  alf&lta  hay. 
Lot     1—%  lbs.  com,  first  cutting  alfalfa  hay 

Lot    II — %  lbs.  corn,  second  cutting  alfalfa  hay 
Lot  III— %  lbs.  corn,  third  cutting  alfalfa  bay 

(B)  To  compare  sweet  clover  bay  with  first  cutting  alfalfa  bay 
Lot     I— %  lbs.  corn,  first  cutttlng  alfalfa  hay 

Lot  IV — \  IbB.  com,  first  cutting  sweet  cloTer  hay 

PART  II 
To  compare  light  and  heavy  grain  rations 

Lot      V— lU  lbs.  com,  alfalfa  hay  {first  cutting) 
Lot     VI — 1      lbs.  com,  alfalfa  hay  (first  cutting) 
Lot        I — %  Iba.  com,  alfalfa  bay  (first  cutting) 
Lot  VIII— ^i  lbs.  com,  alfalfa  bay  (first  cutting) 
Lot  XIII— %     Ihs.  com,  alfalfa  hay  (first  cutting) 

PART  III 
To  study  the  value  of  com  silage — hay  rations  in  comparUon  to 

straight  bay  rations. 

(A)  Lot   V— 1^  lbs.  com,  alfalfa  hay  (first  cutting) 

Lot  IX— m  lbs.  com,  I'A  lbs.  com  silage,  alfalfa  hay,   (first 

cutting) 
Lot  XI. — Hd  Ihs.  mixture  (T  parts  com,  1  part  cottonseed  meal) 

1^  lbs.  com  silage  and  alfalfa  bay  (first  cutting) 

(B)  Lot      l—%  Iba.  com.  first  cutUng  alfalfa  bay 

Lot     X—%  lbs.  corn,  1^  Ihs.  com  silage  and  first  cutting  al- 
falfa bay 
Lot  XII — %  lbs.  mixture  (7  parts  com,  1  part  cottonseed  meal). 
1^  lbs.  com  silage  and  alfalfa  hay 
PART  IV 
To  compare  beet  molasses  with  com  when  It  replaces  one-third  of 

the  concentrates. 
Lot      V— IH  Iba.  com,  alfalfa  bay  (first  cutting) 
Lot  XIV— 1      lb.  com.  Vj  lb.  beet  molasses,  alfalfa  hay  (first  cutting) 
THE  LAMBS 

A  band  of  1675  "cut-back"  lambs  was  bought  from  several  sheep- 
men near  Yakima.  From  this  number  700  head  were  selected  for 
uniformity  and  condition  and  were  put  Into  the  experimental  lots. 
Most  of  them  were  by  Hampshire  rams  and  from  "bait-blood"  ewes. 
At  the  beginning  of  the  test  the  lambs  averaged  61  to  66  lbs.  in  weisbt. 
Most  ot  them  were  fairly  well-grown  out,  of  good  quality,  and  ratlm' 
thin.    They  had  received  no  concentrates  previous  to  the  feeding  teat. 
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The  Iambs  had  access  to  alfalfa  pasture  at  the  Experiment  Station 
farm  near  Prosser,  from  October  2Tth,  1921,  until  November  IS,  1921, 
when  the  first  snow  stonn  neceaeltated  full  feeding  of  hay  lor  several 
days.  After  the  snow  tbawed  and  the  ground  dried,  the  lambs  were 
fed  %  lb.  of  altalla  hay  per  head  dally  In  addition  to  frosted  al- 
falfa pasture. 

After  the  early  morning  fill  the  lambs  would  lie  down  and  rest. 
Towards  the  middle  of  the  day  whole  hay  was  fed,  thinly  scattered 
over  a  field  of  com  stubble.  During  this  period  all  the  weedy  hay,  . 
mistures  of  rye  and  sweet  clover  hay  and  dried  Rojselan  thistles  were 
fed  and  disposed  of.  At  this  time  the  lambs  bad  free  access  to  salt. 
The  pasture  season  ended  December  2Znd  with  a  talrly  heavy  snow  for 
this  section.  The  total  loss  of  lambs  up  to  the  beginning  of  the  experi- 
ment was  2E  bead. 

FEEDS  FED  DURING  TEST 

The  com  fed  in  this  experiment  was  shipped  from  the  Middle  West, 
grading  as  No.  3  yellow.  All  of  the  alfalfa  hay  fed  was  produced  on 
the  Station  Farm,  being  well-cured  and  leafy.  Of  the  three  cuttings 
the  second  was  the  coarsest,  the  third  cutting  being  the  finest  The 
second  cutting  was  not  as  coarse  as  usual  since  It  was  not  permitted 
to  mature  as  much  as  the  first.  All  the  lambs  fed  alfalfa  received 
flrst  cutting  hay  with  the  exception  ot  Lots  11  and  III.  The  three 
cuttings  of  hay  yielded  an  average  of  Hi  tons  to  the  acre. 

The  sweet  clover  hay  was  rather  coaree,  but  otherwise  of  good 
quality.  It  was  cut  wbea  24-30  inches  high.  It  was  raked  and  shocked 
as  soon  aa  wUted  to  cause  it  to  cure  slowly  in  order  to  prevent  undue 
loss  of  leaves. 

The  com  silage  was  produced  from  frosted  com  which  had  hardly 
attained  the  stitf-dough  Btate  at  the  time  of  ensiling.  It  was  grown 
on  new  land,  which  was  not  previously  In  alfalfa.  A  field  of  14  acres 
yielded  approximately  100  tons  of  silage.  The  top  layers  were  rather 
dry  but  later  In  the  feeding  period  the  quality  of  silage  Improved. 

The  t»eet  molasses  was  purchased  from  the  Utah-Idaho  Beet  Sugar 
Co.,  of  Toppenish,  Wash.  Because  of  Its  bitter  taste  and  compara- 
tively large  content  of  free  potassium  and  magnesium  salts.  It  exerts 
a  strong  purgative  action  on  animals  when  fed  In  large  quantities. 
Owing  to  the  slump  in  sugar  prices  It  has  been  generally  admitted  that 
molasses  Is  of  better  quality  than  in  previous  years,  because  of  a 
higher  sugar  content.  However,  It  is  the  policy  of  the  manufacturer 
to  extract  all  of  the  sugar  possible  from  the  beet  Juices  each  year, 
irrespective  of  sugar  prices,  and  under  such  conditions  there  can  be 
but  little  variation  in  the  feeding  value  of  the  molasses.    The  quality 
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of  the  beets  aome  years  makes  it  difficult  to  extract  the  suear,  bnt 
at  beat  tbia  would  cause  only  a  small  variation. 

ANALYSES  OF  FEEDS 

Analrses  Of  tbe  feeding  atnffa  used  tbrougbout  the  test  are  In- 
cluded la  Table  I.  The  cottanseed  meal  contained  onl^  34.6  per  cent 
crude  protein,  which  le  3  per  cent  below  the  limit  for  the  good  grade 
of  this  concentrate.  According  to  the  claeslflcatlon  agreed  upon  \>j 
feed  control  officials  auch  a  protein  content  puts  this  feed  Into  the 
class  of  "cottonseed  feeds"  rather  than  cottonseed  meals. 

The  figures  for  tbe  three  cottlngs  (Table  1}  of  alfalfa  show  very 
.  little  dlfFerence  between  them.  Since  tbe  water  content  of  the  bay 
from  all  three  cuttings  TorleB  but  little  a  direct  comparison  of  per- 
centages of  other  constituents  Is  possible.  Such  a  comparison  atiowa 
tbe  second  cutting  hay  to  ranb  highest  with  a  protein  content  of  13.75 
per  cent,  and  the  first  and  third  cutting  containing  13.44  per  cent  and 
12.97  per  cent  protein  respectively.  The  same  order  obtains  for  the 
(at  content.  The  third  cutting  hay  Is  highest  In  crude  fibre  but  tlie 
difference  Is  not  large  since  the  maximum  variation  for  all  cnttlnss 
does  not  exceed  much  over  3  per  cent 

The  sweet  clover  compares  favorably  with  the  alfalfa  hay.  Even 
though  apparently  stemmler  and  higher  In  fibre  content,  the  analysts 
shows  no  such  dtlTerence.  Such  fibre  Is  determined  by  treating  feed 
samplee  each  with  1.2G  per  cent  sulfuric  acid  and  1.25  per  cent  alkali 
(or  %  hour  periods,  the  Immature  plant  tissue  of  the  sweet  clover  which 
was  cut  for  hay  at  an  early  stage  Is  rendered  soluble  by  such  treat- 
ment and  appears  as  a  part  of  the  nitrogen  (ree  extract  In  the  table. 
If  tbe  sweet  clover  bad  been  permitted  to  mature  more,  It  no  dtnibt 
would  have  had  a  much  bigher  crude  fibre  content  both  due  to  a 
greater  hardening  of  tbe  cellulose  and  an  Increase  In  proportion  of 
cell  enclosures  as  well  as  to  a  loss  of  leaves.    Tbe  table  follows: 

TABLE    I 
CHEMICAL  COMPOSITION  OF  FEEDS  FED  DURING  TEST 
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Molasses    
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The  coefficients  of  dtsestlblllty  for  first  and  third  cutting  alfalfa 
ha7  as  well  for  sweet  clover  show  very  little  variation  for  the  Bame 
nutrient.  The  flguree  for  second  cutting  alfalfa  hay  are  uniformly 
higher. 

TABLE    11 
(Expftrlmentt  with  Ruminants) 

COEFFICIENTS    OF    DIGESTIBILITY* 
(TalMti  from  Ma«B.  Special  Bol.,  Nov.,  1919.) 


Ila     Ei      is 


Cottonseed  Meal  . 
Alfalfa  Hay— 
lot  cutting 


Sweet  Clover .. 
Uolaasest  


Table  III  contains  the  percentages  of  digestible  nutrients  In  the 
vartoas  feeding  stuffs.  These  are  calculated  by  multiplying  the  per- 
centage of  any  nutrient  in  a  certain  feeding  staff  by  Its  corresponding 
coefficient  o(  digestibility  and  dividing  the  result  by  100.  The  re- 
salting  table  is  used  as  the  basis  for  computing  the  digestible  protein, 
and  total  digestible  nutrient  contents  of  daily  rations  fed  throughout 
the  test. 


tE^rom  Henry  and  Uorrlson  "Feeds  and  Feeding,"  17th  ed.,  pp.  468. 

*  Digestibility  of  feeds  Is  generally  measured  by  the  amount  of  nu< 
trients  of  those  feeds  retained  by  animals.  If  6  lbs.  of  protein  are 
ted  and  Z  lbs.  appear  In  the  feces,  it  Is  evident  that  only  4  lbs. 
were  retained.  The  digestibility  of  protein  In  this  case  Is  2/3  or 
66-2/3  per  cent.  Digestibility  Is  expressed  by  a  term  known  as  the 
"Coefflcient  of  Digestibility."  Instead  of  the  above  protein  being 
eS-2/3  per  cent  digestible,  it  is  customary  to  say  that  its  co- 
efficient of  digeatlbiUty  is  66-2/3. 
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TABLE    III 

DIGESTIBLE     NUTRIENTS     PER     100     LBS.    OF     FEEDS     FED 

DURING    TEST 
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..       .32 

.66 

8.71 

14.77 

26.30 
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EQUIPMENT 

The  lambs  were  fed  In  open  feed  lots  located  on  a  sandy  south- 
eastern slope.  The  lots  wer«  10  feet  irlde  and  56  feet  long,  Just  ac- 
commodating GO  lambs,  and  the  fencing  consisted  of  wooden  panels 
having  S  to  9-lnch  neck  spaces  at  the  bottom,  these  spaces  opening 
Into  trongha  having  a  12-tncb  base  and  a  top  17^  Inches  wide.  The 
12-incb  trough  bottom  was  one  inch  wider  than  necessary  and  Inter- 
fered slightly  with  the  feeding  of  grain  during  the  early  part  of  the 
feeding  period.  However,  during  the  latter  part  of  the  feeding  period 
as  the  lambs  Increased  in  size,  this  difficulty  was  overcome. 

The  panels  were  built  of  rough  lumber,  and  of  aboat  the  type  that 
most  feeders  use  for  the  erection  of  Ineipeneive  teed  lots  to  carry  on 
their  feeding  operations.  These  panels  were  stacked  In  the  spring 
and  the  feed  lot  area  planted  to  corn. 

Method   of    Feeding 

The  dally  ration  was  fed  In  two  equal  portions,  one  at  7:00  A.  U. 
and  the  other  at  4:00  P.  M.  All  silage  waa  fed  with  the  momtng  feed 
Immediately  after  being  taken  out  of  the  silo.  Both  hay  and  graio 
were  conveniently  fed  from  the  troughs.  The  troughs  were  swept 
carefully  before  each  feeding  and  the  refuse  was  piled  up  for  fntare 
weighing.  During  the  early  part  of  the  test  the  feeding  of  graia 
began  at  3:30  P.  M.  so  as  to  give  the  lambs  time  to  clean  up  the  hay 
before  dark.  Parts  of  the  refuse  hay  of  the  evening  feed  were  con- 
sumed  early  In  the  morning  before  the  grain  feeding  began.    The 

■Total  Digestible  Nutrients  or  the  sum  of  protein,  fibre,  nitrogen 
Free  extract  plus  2.26  times  crude  fat. 

tNutritlve  Ratio  Is  the  ratio  of  digesUble  protein  to  tJie  di- 
gestible carbohydrates  plus  2.25  times  digestible  crude  t&t. 
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grain  was  fed  flnt  followed  by  the  hay.  It  was  fonnd  advisable  to 
turn  and  stir  up  the  hay  In  the  troughs,  so  as  to  bring  the  leafy  por- 
tions directly  before  the  lambs.  This  point  has  greater  significance 
when  the  bay  Is  fed  on  the  ground  than  when  It  Is  ted  In  troughs.  The 
lambs  In  Lot  XIV  received  molaBses  twice  dally  on  top  of  the  com  feed. 
This  sweet  feed  was  warmed  and  diluted  with  about  3  volumes  of 
water  to  make  It  flow  readily.  Feeding  molasses  on  top  of  the  uncut 
hay  was  not  satisfactory  since  the  lambs  Id  reaching  for  the  leafy 
portions  of  the  bay  at  the  bottom  of  the  troughs  became  covered 
with  the  sticky  feed. 

Elach  lot  had  access  to  freeh  water  supplied  by  an  underground 
pipe  line  from  a  deep  well.  The  water  was  relatively  warm  even 
during  the  coldest  days.  The  lots  at  flrat  were  bedded  with  straw  to 
a  depth  of  about  four  inches  at  the  time  the  lambs  were  put  Into  the 
lots.  After  that,  refuse  hay  was  used,  enough  being  added  from  time 
to  time  to  keep  the  lots  dry  and  the  Iambs  clean.  As  fresh  hay  was 
fed  in  liberal  quantities  the  lambs  did  not  eat  any  of  the  bedding. 
PART  1 

(A)  Flrflt,  second  and  third  cuttings  of  alfalfa  hay  compared. 

(B)  First  cutting  sweet  clover  hay   compared   with  first   cutting 
alfalfa  hay. 

DISCUSSION  OF  RESULTS: 
The  first  and  third  cnttlnge  of  alfalfa  bay  produced  practically  the 
same  results  as  far  as  finish  is  concerned.  First  cutting  hay  resulted 
In  a  dally  gain  of  .246  lbs.  per  lamb  at  a  cost  of  $6.7S  per  cwt  (See 
Table  IV.)  A  gala  ol  100  lbs.  was  produced  with  less  grain  and  hay 
and  the  gain  was  more  economical  than  with  the  other  two  cuttings 
fed.  The  third  cutting  was  next  In  feeding  value,  the  lambs  producing 
100  Ibu.  gain  at  a  cost  of  fT.199,  making  an  average  daily  gain  of  .Z35 
lbs.  per  lamb.  Second  cutting  alfalfa  hay  ranked  third.  Lambs  re- 
ceiving this  roughage  made  average  dally  gains  of  .214  lbs.  They  were 
least  economical,  the  gains  costing  tT.62  per  cwt.,  which  is  f  iS4e  above 
that  of  the  first  cutting  hay  and  t  .425  above  that  of  the  third  cutting 
hay.  If  first  cutting  alfalfa  hay  and  shelled  com  are  valued  at  tBM, 
and  (27. CO  per  ton  respectively,  then  third  cutting  hay  on  the  basis 
of  bay  fed  Is  worth  (4.36.  A  direct  comparison  is  possible  here  In 
view  of  the  fact  that  both  roughages  produced  the  same  market  finish 
and  the  lambs  In  the  two  lots  were  appraised  the  same  at  112.00 

The  comparison  of  first  and  second  cuttings  of  hay  Involves  a  new 
factor.  Lot  I  was  appraised  at  tl2.00  per  cwt,  while  IiOt  II,  because 
of  a  poorer  finish  was  valued  at  only  (ll.SO.  When  a  comparison  of 
the  roughages  fed  the  two  lots  is  made  on  the  basis  of  the  feed 
requirement  per  hundred  weight  gain,  a  correction  of  |  .20  most  be 
added  to  the  requirement  of  Lot  II  to  account  for  the  lower  valuation 
11 
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of  this  lot.  On  this  baBlB  vbeu  Ib-Bt  catting  bay  Is  valned  at  |5.0<l 
ttni  com  at  (27.40  per  ton,  second  cnttlng  alfalfa  ha;  la  worth  S3JT 
per  ton.  Sacb  a  comparison  based  on  lots  of  100  and  ol  60  Iambi 
respectiToly  indicates  that  if  first  catting  hay  is  considered  100  per 
cent,  then  second  cutting  Is  onljr  63  per  cent  and  tbird  cutting  SS  per 
cent  as  valuable. 

Following  the  same  method  of  comparison  It  flnt  cutting  altaU* 
hay  1b  valued  at  |6.00,  then  sweet  clover  Is  worth  fG.14  or  baa  i 
value  of  123  per  cent  that  of  first  cutting  alfalfa  hay. 

The  lambs  In  this  test  made  fairly  good  and  uniform  gains.  The 
proportion  of  poorer  Iambs  was  equally  divided.  At  the  end  of  the 
test  there  wero  fewer  fat  lambs  In  tbe  lot  receiving  second  cutting 
bay  than  in  those  receiving  fiist  and  third  cuttings.  The  results  are 
reliable  enough  to  rank  the  cuttings  namely,  let,  3rd,  and  2nd,  In  order 
of  their  feeding  valiie. 

A  summary  of  data  for  each  lot  is  presented  In  Table  IT. 
TABLE  IV 

(a)  THREE  CUTTtNGS  OF  ALFALFA  HAY  COMPARED 

(b)  SWEET  CLOVER  RESULTS  COMPARED  WITH  THOSE  FOR 

ALFALFA. 
Lot  I — 100  lambs.    All  other  lots,  EO  lambs  each. 

Sweet  Clovar 
Cuttings  of  Alfalfa  Hay  Hay 

No.  of  Cutting  First  Second         Third  First 

Lot  No. I n in iv_ 

*  Ave.  Weight  and  Gains  (Pounds) 

Initial  Weight  .         65.62  62.59  66.44  62.91— 

Final  Weight  80.38  76.46  79.66  80.56 

Total  Gain 14.76  12.87  11.11  17.6* 

Dally  Gain  .246  .214  .235  .294 

Average  Dally  Ration  (Pounds) 

Grata .745  .746  .746  .746 

((Fed) 2.587  2.444  2.685  8.172 

Hay     1  (Eetused) 509  .388  .455  J6I 

((Consumed) 2.078  2.066  2.230  2.230 

Pounds  Feed  Per  CwL  Gain 

Com  (Shelled)  302.84  348.13  317.02  253.40 

(Consumed ^       844.70  960.75  948.94  765.10 

Hay     iRefused 206.91  181.31  193.62  823.81 

(Fed 1,051.81  1,142.06  1,142.56  1,078.91 

Feed  Cost  per 
cwL  gain 

Basis  teed  ted  (6.778  87.624  87.199  |e.n7 

Appraised  Value 

per  100  lbs 112.00  311.80  112.00  |I2-00_ 

■  Initial  weight  refers  to  tbe  average  of  three  consecutive  dally  weigh- 
ings the  middle  date  of  which  succession  marks  tbe  beginning  of 
the  experiment 
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NUTRIENT  CONTENTS  OF  RAXrONS 
The  BUccedlDg  table  alms  to  Btrees  a  comparison  of  tbe  dally  rations 
actually  fed  on  the  basis  of  their  content  of  digestible  crude  protein 
and  total  dlseetlble  nutrients.  In  tblB  respect  there  is  no  large  appar- 
ent difference  between  lots  I  to  IV  Inclusive.  All  tbe  feeds  were  ted 
at  tbe  point  of  their  greatest  effectiveness.  In  a  ration  that  was  proper- 
ly balanced  and  If  anything  a  Uttte  high  In  protein.  The  figures  for 
pounds  of  feed  and  of  dry  substance  consumed  dally  per  lamb  are 
also  Included. 

TABLE  V 
AVERAGE  RATIONS  ACTUALLY  FED  DURING  TEST  OF  60  DAYS 
(RaUons  Taken  From  Table  IV.) 


US 


HZ3 


IS 


LOT  1. 

Com     .746 

Alfalfa  Hay 
l9t  Cutting  . 2.078 

.679 
1.940 

.044 
.180 

.636 
1.068 

Total    2.823 

2.619 

.234 

1.683 

6.06 

LOT  11. 

Com „..    .746 

Alfalfa  Hay 
2ad.  Cutting  ....  2.06S 

.679 
1.940 

.044 
.196 

.636 
1.068 

Total    2.801 

2.619 

.240 

1.693 

6.06 

LOT  III. 

Com  745 

Alfalfa  Hay 

3rd  CutUng  ....  3.230 

.679 
2.081 

.OM 
.206 

.635 
1.096 

Total    2.976 

2,760 

.249     . 

1.730 

5.94 

LOT  IV. 

Com  — —    .746 

Sweet  Clover  Hay 
lat  Cutting  ....  Z.2S0 

.679 
2.074 

.044 
.208 

.636 
1.097 

Total    2.966 

2.7B3 

.252 

1.732 

6.87 

In  rations  of  euch  similarity  the  comparisons  of  roughages  are 
of  greater  value  than  when  the  rations  are  unbalanced. 

PART  II.     LIGHT  AND  HEAVY  GRAIN  RATIONS  COMPARED 
INTRODUCTION 
Large  quantities  of  alfalfa  hay  and  comparatively  smaller  quanti- 
ties of  grain  are  produced  in  tbe  Irrigated  distrlcta  of  Washinston.    The 
com  crop  is  ever  increasing  In  importance,  as  It  fits  into  tbe  rotations 
13 
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ftad  yields  heavily  especially  for  eDBlUng  purposes.  It  Is  likely  to 
retain  this  important  position  amousT  the  available  feeding-studs.  In 
consequence  the  profitable  marketing  of  these  feeds  Is  a  problem  of 
considerable  Importance  and  ma^niltude  In  Irrigated  sections. 

With  the  general  agreement  that  addition  of  some  grain  to  the 
ration  is  desirable,  the  question  of  how  much  grain  to  feed  still  remains 
an  open  Issue.  Unless  the  western  market  discriminates  sharply  be- 
tween lambs  of  fair  and  good  conditions,  and  pays  an  appredaUs 
premium  for  the  latter,  the  feeding  of  heavy  grain  rations  In  order 
to  secure  a  good  finish  la  apt  to  be  unprofitable.  With  a  fluctuating 
grain  and  lamb  market,  the  value  of  tangible  figures  serving  as  a 
basis  for  determining  hov  much  grain  may  be  fed  with  profit  for  any 
set  of  conditions,  is  very  evident. 

All  of  the  feeder  lambs  came  from  the  range  and  were  wholly 
unaccustomed  to  com.  When  ottered  corn  the  first  time  they  ate  it, 
but  their  appetite  for  this  feed  seemed  to  Increase  during  the  progress 
of  the  feeding  period.  The  lambs  started  on  \i  lbs.  ot  com  per  head 
dally  and  this  quantity  was  increased  at  the  rate  of  1-5  lbs  each  da; 
until  the  lambs  were  on  Full  feed. 

Table  VI  contains  the  summary  of  feeding  tests  with  light  and 
heavy  grain  rations. 

TABLE   VI. 
LIBERAL  VS.   LIMITED  GRAIN   RATIONS 


Com  Fed 

IH  lb. 

lib. 

^4  1b. 

U  lb. 

XUI 

Lot  No. 

V 

VI 

I 

VIII 

%  lb. 

Averaga  Weights  and  Gains  (Pounds) 

63.04 

Final  Weight  .. 

..     84.14 

81.24 

80.38 

76.44 

76.7» 

Total  Gain  — 

..    21,10 

17.9S 

14.76 

13.09 

13.18 

Dally  Gain  

.362 

.299 

.246 

.218 

.220 

Avarage  Dally  Ration  (Pounds) 

Grain    

.960 

.745 

.500 

.277 

Hay 

(Fed)   

..      2.428 

2.374 

2.587 

2.625 

2.TS9 

(Refused)    „.. 

595 

.465 

.509 

.415 

J77 

(Consumed  .. 

1.833 

1.919 

2.078 

2.210 

2.412 

Pounds  Feed  per  CwL  Gain 
(3ora 

(Shelled)   384.65  321.07  302.84  229.36 

Hay 

(Consumed)    ..  520.73  641.80  844.70  1013.75 

(Refused)    ...„.  169.03  152.17  206.91  190.36 

Hay  Fed  689.76  793.97  1061.62  1024.13 

Peed  Cost  Per  Cwt 
(Basis  Feed 

Fed) t    7.014      I      6.384      |      6.778      |      6.1S2 

(Appraised 

Value  Per 

Cwt)   ,.....|  12-50         t  12-50         t     12.00         I     11.35 

14 
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DISCUSSION  OF  RESULTS 

Tbe  foresolng  table  bIiowb  that  LoU  V,  VI,  I,  Vin,  and  XIII  re- 
ceived rations  approzlmatInK  1%,  1,  %,  K  and  U  pounds  of  shelled 
corn  respectively  vlth  all  or  the  alfalfa  hay  they  would  consume.  The 
average  dally  gains  are  In  proportion  to  the  quantity  ot  concentrates 
ted  with  the  exception  of  lots  VIII  and  XIII,  there  being  no  such  cor- 
relation. The  two  lota  gained  eanally  well  even  though  fed  %  and  ^ 
pounds  grain  respectively. 

The  appraised  values  based  very  largely  on  condition  and  character 
o(  fleshing  are  in  proportion  to  the  quantity  of  grain  fed,  being  highest 
for  the  lot  receiving  1^  lbs.  and  1  lb.  of  shelled  com.  The  feed  re- 
quired per  100  lbs.  gain  aa  well  as  the  average  daily  feed  consumed 
show  that  as  the  grain  consumption  Increases,  bay  consumption  de- 
creases. Lot  V  coneumed  an  average  ot  3S4.65  lbs.  of  shelled  com  and 
620.73  lbs.  of  altaifa  hay  to  make  100  lbs.  gain  at  a  cost  of  (7.014.  Lot 
Xili  receiving  .277  lbs.  shelled  com  per  head  dally  required  only  126.91 
lbs  of  com  and  1096.36  lbs.  alfalfa  hay  to  make  100  lbs.  gain  at  a  cost  ot 
$4,895.  The  lambs  in  Lot  V  were  appraised  at  (IS.EO  per  cwt.,  while 
those  In  Lot  XIII  were  valued  at  only  tll.2E.  If  the  lambs  are  valued 
at  $6.00  per  cwt.,  In  the  feed  tot  at  the  beginning  of  the  test,  the  gross 
profit  per  lamb  In  the  high  grain  lot  Is  $6,259  and  In  the  low  grain 
lot  $4,177.  A  discrimination  of  $1.26  per  cwt.  In  favor  at  the  better 
flnlshed  lambs  Is  more  than  sufficient  to  Justify  the  liberal  grain  feed- 
ing at  the  existing  grain  prices.  It  shows  that  the  cheaper  gains  in 
weight  do  not  necessarily  return  the  greater  profit. 

NUTRIENT  CONTENT  OF  RATIONS 
The  rations  ot  the  various  lots  differed  in  quantity  of  corn  fed 
per  head  daily,  from  .277  Itis  up  to  1.364  lbs.  The  quantity  of  protein 
in  all  rations  is  relatively  constant  varying  from  .237  lbs.  to  .251  lbs. 
per  head  daily.  However  the  greater  the  quantity  of  com  ted  the 
greater  Is  the  content  ot  the  ration  In  total  digestible  nutrients.  The 
low  grain  lot  receiving  .277  lbs.  of  com  per  head  dally  consumed  1.464 
lbs.  of  total  digestible  nutrients  while  the  high  grain  lot  being  ted 
1.364  lbs.  of  com  consumed  2.08S  lbs.  of  total  digestible  nutrients.  As 
the  grain  consumption  increased,  the  quantity  of  hay  consumed  de- 
creased. Since  the  hay  in  this  case  was  the  protein  rich  feed,  It  follows 
that  the  high  grain  rations  contained  a  smaller  proportion  of  protein 
16 
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than  those  contalnlag  Bmaller  quantltlQB  Of  grain.    The  nutrient  content 
of  the  rations  Is  shown  in  the  succeeding  table. 

TABLE  VII 

AVERAGE   RATIONS  ACTUALLY   FED   DURING  TEST 

(Tafcea  From  Table  V) 

I  S 

K  2i  ^-S  a2  oa 

_l £l         gg  5S         gg 

LOTV  lbs.  lbs.  lbs.  lbs. 


LOT  VI 

Com .980 

Alfalfa  Har 
1st  CutUng  ■■■■    1.919 


ii 


Alfalfa  Hay 
IsL  Cutting  ... 

.    1.833 

1.711 

.178 

.934 

Total    

.    3.187 

2.946 

.261 

2.088               T.JO 

Total    2.879 


LOT  I 

Corn  

Alfalfa  Hay 


1st.  CutUng  ... 

.    2.078 

1.940 

.19S 

1.068 

Total    

-    2.823 

2.619 

.240 

1.693 

6.05 

JOO 
2.210 


Alfalfa  Hay 
let  Cutting  ... 

2.412 

2.262 

.226 

1.828 

ToUl    

2.68S 

2.604 

.842 

1.464               G.OI 
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A  STUDY  OF  THE  VALUE  OF  8ILAQE  IN  LAMB  RATIONS 
INTRODUCTION 

In  numerous  sections  of  this  State  the  alfalfa  hay  crop  Is  bo  easily 
produced  and  of  so  much  Importance  that  the  adTlsablUty  of  producing 
com,  the  highly  adapted  silage  crop,  Is  questioned.  During  periods  of 
low  priced  hay  the  feeding  of  silages  Is  not  always  economical.  How 
ever.  It  Is  of  Interest  as  a  means  of  marketing  hay  more  efficiently  when 
prices  are  good. 

The  effect  ol  silage  In  lamb  rations  was  studied  by  comparing 
rations  composed  of  IH  lbs.  and  \  lbs.  com,  and  1st  cutting  alfalfa 
hay  with  similar  ones  where  1%  lbs.  of  com  silage  per  head  was  ted 
with  all  additional  1st  cutting  hay  that  the  lambs  would  consume.  Two 
series  of  three  lots  each  were  fed  on  m  lbs.  and  %  lbs.  of  concentrates, 
respectively.  One  lot  In  each  series  received  straight  first  cutting 
alfalfa  hay.  The  second  lot  In  each  series  was  fed  a  pound  and  a  half 
of  com  silage  with  all  the  hay  they  would  consume  In  addition.  The 
third  lot  of  each  series  received  the  same  treatment  as  the  second  lot 
with  the  erceptioa  that  cottonseed  meal  was  added  to  the  ration  in 
the  proportion  of  1  part  of  this  supplement  to  7  parte  of  com. 

Such  a  plan  enables  a  direct  comparison  of  straight  hay  ration  with 
a  silage  hay  ration  when  the  quantity  of  concentrates  Is  %  lbs.  and 
1^  lbs.  per  lamb  dally.  A  comparison  of  straight  hay  ration  with  one 
containing  cottonseed  meal,  silage  and  hay  with  varying  qoantltles 
of  com  is  also  possible.  The  cottonseed  meal  was  added  to  bring  up 
the  protein  content  of  the  silage  hay  ration  to  the  level  of  the  straight 
bay  ration.  This  was  considered  advisable  In  view  of  the  lower  protein 
content  of  the  ration  containing  com  eilage.  A  third  comparison  of  a 
ration  of  com-bay-silage  with  one  of  com-hay-sllage  to  which  cotton- 
seed meal  Is  added  is  facilitated  and  is  of  value  la  determining  the 
adylsablUty  of  feeding  this  protein  rich  feed  In  a  silage  ration  when 
roughages  are  cheap  and  nitrogenous  concentrates  relatively  high 
priced.  1 

The  data  for  the  60  day  test  with  lots  of  50  lambs  each  are 
brought  together  for  comparison  In  the  succeeding  table.  (Table  VIII.) 
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DtSCUSSrON  OF  RESULTS 

In  the  first  Bertes  of  3  lots  (Lots  V,  IX  and  XI)  receiving  IH  IbB. 
ol  concentrates,  It  ts  apparent  tbat  the  addition  of  1^  lbs.  allage  to 
the  ration  Increases  the  dally  galna  and  Induces  economy  In  coat  of  the 
gaina.  However,  this  advantage  Is  somewhat  offset  by  a  lower  valua- 
tion of  %  .50  per  cwt,.  of  the  silage  fed  lambs.  The  addition  of  cotton- 
seed meal  to  the  stlage-bay  ration  did  not  effect  the  dally  gain  to  any 
extent  In  fact,  a  falling  off  of  .012  lbs.  per  bead  dally  was  noticed. 
Owing  to  tbe  price  of  155.00  per  ton  of  cottonseed  meal,  this  lot  made 
gains  at  an  Increased  cost  of  |  .681  per  cwt.,  over  that  of  the  hay  silage 
ted  lambs.  However,  the  sllgbtly  better  finish  of  the  lot  fed  cotton- 
seed meal  resalted  In  a  valuation  of  flS.SD  per  cwt.  which  Is  f  .50  per 
cwt.,  above  that  of  the  lambs  receiving  no  cottonseed  meal.  The  con- 
dition of  tbe  lambs  fed  com  and  hay  was  as  good  as  of  those  receiving 
com-cottonseed  meal-bay  and  silage.  This  Is  largely  explained  by  the 
fact  that  the  alfalfa  hay  of  the  Irrigated  sections  Is  of  exceptionally 
good  quality.  There  is  no  apparent  benefit  derived  by  the  addition 
of  cottonseed  meal. 

The  second  series  of  3  lots  (Lots  I.  X,  and  Xll)  receiving  %  lb. 
of  concentrates,  affords  a  contrast  in  the  dally  gains  made.  In  this 
aeries  the  dally  gains  per  lamb  vary  between  .246  lbs.  and  .332  lbs.  For 
the  first  series  receiving  1^  lbs.  of  concentrates  tbe  dally  gains  per 
head  vary  between  .363  and  .404  lbs.  It  Is  very  evident  that  tbe  dally 
galas  of  lambs  fed  I'A  lbs.  concentrates  are  on  a  higher  level  than  of 
those  ted  only  %  lbs  grain. 

Similar  comparisons  made  with  tbe  second  series  as  with  tbe  first 
show  again  an  advantage  of  adding  allage  to  a  straight  hay  ration.  The 
straight  hay  lot  made  a  gain  of  100  lbs  at  a  cost  of  I6.77S  while  the 
hay-silage  lot  cost  only  {4.992.  The  difference  of  Jl.TSfi  Is  partly  offset 
by  a  lower  valuation  of  10  cents  for  the  silage  fed  lambs.  However, 
tbe  discrimination  on  the  basis  of  market  value  between  straight  hay 
and  sllage-bsy  fed  lambs  Is  not  as  great  on  a  lower  grain  level  (In  this 
case  %  lbs.  per  bead  dolly)  as  with  a  higher  one.  Tbe  addition  of 
cottonseed  meal  to  tbe  ration  produced  greater  gains  by  only  .032  lbs., 
and  resulted  In  a  valuation  of  f  .30  per  cwt.,  lower  than  of  a  straight 
liay  lot.  The  financial  returns  for  this.  too.  were  less  than  that  of  any 
other  lot  In  both  series.  With  a  high  quality  leguminous  roughage 
combined  with  silage  and  a  low  grain  feed  of  %  lbs.  com  per  lamb 
dally,  tbe  addition  of  cottonseed  meal  la  even  less  advisable  than  when 
the  com  ration  Is  1%  lbs.  per  head  dally. 

NUTRIENT  CONTENT  OF  RATIONS 

When  silage  replaces  more  than  one-half  of  the  alfalfa  hay  In  a 

Iamb's  ration,  receiving  a  liberal  feed  of  com,  a  deficiency  In  protein 

is  likely  to  result  since  a  non-nitrogenous  roughage  Is  being  substl- 
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tuted  for  a  highly  nitrogenous  one.  The  ration  of  lot  IX  In  the  (oUow- 
Ing  table  contains  onlr  .149  Iba.  crude  protein.  The  ration  of  lot  V 
There  only  alfalfa  hay  and  corn  are  fed  contains  .261  llw.  or  prscU- 
cally  twice  as  much.  The  ration  of  lot  XI  Is  higher  In  protein  than  that 
of  lot  IX  since  1/7  ot  the  concentrate  Is  la  the  form  of  cottonseed  meal. 
However,  even  such  a  quantity  of  the  nitrogenous  concentrate  was 
mtt  sufficient  to  Increase  the  protein  content  of  the  ration  to  the 
level  of  the  altalfa-hay-com  ration. 

TABLE  IX 

AVERAGE  RATIONS  ACTUALLY  FED  DURING  TEST  OF  60  DAYS 

(Hatlons  Taken  From  Table  VI) 


.  S|      ^1     If       I 

j II     U    11   11     ii 

LOT    V  lbs.  lbs.  lbs.  1: 

Com  1.364  1.234  .079  1.154 

Alfalfa  Hay 

lat  Cutting  „..„ 1.833  1.711  .173              .934 

Total    3.187  2.94S  .851            3.088 7^ 

LOT  IX 

Com    1.354  1.234  .079  1.154 

Alfalfa  Hay 

lat  Cutting .702  .656  .066  .8GS 

Com  Silage  .„ „  1.365 .638  .004             .343 

Total ■  3.411  2.427  .149  1.856            11.* 

LOT  XI 

Com   1.185  1.080  .069  1.010 

Cottonseed  Meal 169  .164  .049  .125 

Alfalfa  Hay 

Ist.  CutUng  514  .480  .048  .26S 

Com  Silage  1.366 .638  .004             .343 

Total     3-223  2.252  .170             1.740 9^2 

Where  the  quantity  of  com  fed  Is  .746  lbs.  as  compared  to  1.364 
lbs  the  hay  consumption  even  when  accompanied  by  a  liberal  sUas* 
feeding  la  high  enough  to  Insure  a  fair  anfflclency  of  protein.  For  tlds 
reason  In  this  series  consisting  ot  lots  I,  X,  and  XII,  the  nutritive  ratioa 
vary  only  from  1  to  6  np  to  1  to  8.6.  In  the  foregoing  series  where  lots 
V,  IX,  and  XI  are  compared,  and  where  the  concentrated  feed  Is  twice 
as  large,  the  nutritive  ratios  vary  from  1  to  7.3  up  to  1  to  11.4. 
20 
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TABLE  X 
AVERAGE  RATION  ACTUALLY  FED  DURING  TEST  OF  CO  DAYS 

(RatloDB  Taken  From  Table  VI) 
Part  B. 


3E« 


LOT  X 

Corn  

Alfalta  Hay 

let  CutUng  .. 
Corn  Silage  .. 


M 


LOT  r. 

Com  

Alfalfa  Hay 

71B 

.679 
1.940 

.044 
.196 

.635 
1.0G8 

1: 

Total    

2.823 

2.619 

.240 

1.693 

6.0 

Total 


Alfalta  Hay  

1.173 

1.095 
.638 

.110 
.004 

.697 

Total    

3.273 

2.312 

.179 

1.565            7.7 

PART  IV 
BEET  MOLASSES  COMPARED  WITH  CORN  WHEN   IT  REPLACES 
ONE  THIRD  OF  THE  CONCENTRATES 
INTRODUCTION 
Beet  molasBes  la  available  at  the  beet  sugar  factories  in  Yakima 
Valley  aectione.     Durlag  many  recent  periods  the  prices  of  molasses 
and  grain  have  been  out  of  proportion  with  their  feeding  value.    The 
molasses  has  been  so  cheap,  that  It  could  be  used  to  replace  a  part  of 
the    concentrates   with   economy   despite   the  necessary   cumbersome 
methods  involved  in  feeding  It.    During  the  recent  feeding  test  it  was 
purctiased  at  (14.80  per  ton,  delivered  on  the  farm  with  com  costing 
f27.40  per  ton  on  the  same  basis.    Its  content  of  1.1  lbs.  digestible  pro- 
tein and  57.1  therms  of  net  energy  per  100  lbs.  as  compared  with  7.6 
lbs.  protein  and  85.5  therms  for  com,  In  view  o(   the   quoted   prices 
shows  it  to  have  a  place  In  the  fattening  ration  of  lambs. 

Id  Table  XI  the  summary  of  the  trial  shows  strikingly  the  economy 
of  galas  produced  by  molasses  feeding. 
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TABLE  XI 
BEET    MOLASSES  COMPARED   WITH    CORN 


Concentrates  Fed                                               Com           Corn  ft  Molasses 

Lot  No.                                                                   V 

XIV 

Average  Weight!  and  Gains  (Pounda) 
Initial  Weight  — 6S.04 

61.951 

ToUI  Gain  — 21.10 

Daily  Gain  ^8 

Avaraoa  Daily  Ration  (Peunda) 

21.42 

.367 

(    Fed    -   1.888 

Hay      i   Remsed    MS 

I    Consumed    2.428 

Peunda  Feed  Par  Cwt.  Qain 

Com  (Shelled)  .-.  - -...   .    884.69 

MolHSses  (Beet)  ..„     ... 

1.62S 

.788 
2.3*4 

2«S.91 
]lfi.2» 

Hay      i  Refused 189.0S 

S06.7S 

Peed  Cost  per  Cwt  Gain 

Appraised  Value  Per  Cwt —  f  12.60 

1  12.25 

DISCUSSION   OF  RESULTS 

Results  ol  tbe  60  day  test  show  that  the  rate  ot  gain  on  both 
rations  was  almost  the  same.  The  molasses  In  the  ration,  because 
o(  its  appetising  qualities  resulted  in  a  slightly  greater  bay  consatnp- 
tlon.  The  straight  grain  lot  made  gains  at  a  cost  of  f6.994,  whlcli  Is 
f  .656  higher  than  that  for  the  molasses  lot.  However,  the  com  lot 
was  sligbtly  better  fleshed  than  where  molasses  was  fed,  Its  appraised 
i^lue  being  112.50  per  cwt.,  which  is  f  .25  higher  than  that  for  tlie 
tot  receiving  mo  lasses. 

From  the  feed  requirements  per  hundred  weight  gain  given  In 
the  foregoing  table,  It  Is  evident  that  on  the  basis  of  hay  fed,  U5.29 
lbs.,  beet  molasses  equaled  in  feeding  value  116.75  lbs.  com  pina  27.69 
lbs.  alfalfa  hay.  If  (kirn  and  alfalfa  hay  are  valued  at  f27.40  and  85.00 
per  ton,  respectively,  then  beet  molasses  on  the  basis  ot  the  fore- 
going figures  Is  worth  ¥24.39  per  ton.  Such  a  comparison  rests  on 
the  assumption  that  the  two  groupings  of  feeda  have  each  produced 
100  lbs.  gain.  However,  in  this  instance  these  gains  tiad  a  different 
commercial  value  so  that  by  applying  the  correction  for  the  poorer 
finish  produced  by  the  molasses  its  actual  value  would  fall  sllghUy 
below  the  above  figure. 
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NUTRIENT  CONTENT   OF   RATIONS 
Tbe  quantity  oC  (llgeetlbl«  protein  In  both  rations  le  the  aam*. 
The  ration  of  lot  XIV  Is  slightly  lower  in  digestible  protein  because 
molasses  was  substituted  (or  cor&.     As  a  result  the  nutritive  ratio 
is  I  to  6.3  In  contrast  to  1  to  7.3  for  the  com-alfalta  bay  ration. 
TABLE  XII 
AVERAGE    RATIONS  ACTUALLY    FED   DURING   TEST 
(Rations  Taken  From  Table  VII) 


5  fi|  ^5  ag         S 

■S  §-g  3l  II  5E        p 

S,     £fc &m  Q£  hZ  z3 

LOT  V  1: 

Corn  „...    1.354  1.23*  .079  1.164 

Airalfa  Hay 

lat    Cutting   1.833  1.711  .172            .934 

Total    3,187  2.945  .251  8.088            ill 

LOT  XIV 

Corn  960  .896  .090             .818 

Molasses  483  .385  .025             .309 

Alfalfa  Hay 

lat  Cutting  1.626  1.518  .158             .828 

Total    3.069  3.799  .268  1.9S5            6.3 

SUMMARY 
PART  I. 

1.  Comparisons  based  on  lots  ot  100  and  of  50  lambs  indicate  that 
if  first  cutting  hay  is  considered  as  100  per  cent,  then  second 
cutting  bay  is  only  63  per  cent  and  third  cutting  85  per  cent  as 
valnable  for  fattening  lambs. 

2.  On  the  same  basis  first  cutting  sweet  cisver  cut  for  bay  when  at 
a  height  of  24  to  30  inches  has  a  value  ot  123  per  cent. 

3.  There  were  fewer  fat  lambs  In  the  lot  receiving  second  cutting 
alfalfa  hay  than  In  those  receiving  first  and  third  cuttings  at  the 
end  of  the  test. 

4.  The  rations  tor  lambs  fed  the  three  different  cuttings  of  alfalffti 
hay  and  sweet  clover  were  practically  Identical  In  their  content 
of  digestible  protein  and  total  digestible  nutrients.  This  consti- 
tutes a  fair  basis  for  comparing  the  roughages. 

PART  II. 

1.  The  teed  required  for  100  lbs.  gain  as  well  as  the  average  dally 
feed  consumed  show  that  as  the  grain  consumption  increases, 
hay  consumption  decreases. 

2.  The  largest  returns  per  lamb  resulted  with  the  most  liberal  grain 
feeding.  The  test  shows  that  the  cheaper  gains  do  not  necessarily 
return  the  greater  profit,  because  of  a  lower  market  Taluatlon  of 
the  poorer  finished  lambs  fed  the  cheaper  rations. 

23 


D.n.iized  by  Google 


3.  In  the  two  lots  of  GO  lambs  each,  fed  M  and  >j,  lbs.  com  per  bead 
dallr.  equal  gains  were  obtained.  There  was  not  much  difference 
In  flnlflta. 

4.  The  greater  the  quantity  of  com  fed,  the  greater  la  the  content 
of  the  ration  In  total  digestible  nutrients.  As  the  grain  con- 
sumption Increased,  the  hay  consumption  was  less  and  since  hay 
Is  the  protein  rich  teed,  It  follows  that  the  high  groin  rations 
contain  a  smaller  proportion  of  proteta  than  those  containing  the 
lower  quantities  of  grain. 

PART  III. 

1.  There  Is  a  decided  advantage  resulting  from  the  addition  of  IH 
lbs.  of  com  silage  to  corn-alfalfa  hay  rations  for  fattening  lambs.  It 
Increases  the  dally  gains  and  Induces  economy  In  the  cost  of  gains 
especially  when  the  silage  can  be  produced  at  Iialf  the  price  of  bay. 

2.  Tt^e  addition  of  cottonseed  meal  to  com-alfalfa  hay  silage  ration, 
resulted  in  an  Increased  cost  of  gains  with  no  apparent  effect  od 
the  extent  of  the  dally  gains  over  lots  fed  no  cottonseed  meal. 
Furthermore  the  finish  was  not  quite  as  good. 

3.  With  a  high  quality  leguminous  roughage,  combined  with  silage 
and  %  lb.  com  per  head  daily,  the  addition  of  cottonseed  meal 
is  even  less  advisable  than  when  the  com  ration  is  1^  lbs.  per 
head  daily. 

PART  IV 

1.  Lambs  fed  .483  lbs.  beet  molasses  and  .960  lbs.  of  com  per  head 
dally  made  as  good  gains  as  those  fed  1.3G4  lbs.  com.  Good  first 
cutting  alfalfa  hay  was  fed  In  addition. 

2.  The  molasses  la  the  ration,  because  of  its  appetising  qualities  re- 
sulted In  a  slightly  greater  hay  consumption. 

3.  The  test  shows  that  136.29  lbs.  beet  molasses  had  the  same  feed- 
ing value  as  115.S9  lbs.  com  plus  65.60  lbs.  alfalfa  hay. 

4.  If  com  and  alfalfa  hay  are  valued  at  t27.40  and  fS.OO  per  ton, 
respectively,  then  beet  molasses  on  the  basis  of  the  foregoing 
figures  la  worth  f24.3S  per  ton. 

6.  The  lambs  fed  corn  and  beet  molasses  although  making  aa  good 
gains  as  those  led  straight  corn  sold  at  t  .25  per  cwt.,  leas  than 
the  corn  lot  because  of  the  slightly  lower  finish. 
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:H1GAM  STATE    O'-^^ 


THE  DUSTING  OF  WHEAT  FOB  BtTNT  OB  STINKING  SMUT 

Br  T.  D.  Heaia  and  L.  J.  Smith 


introduction 

In  the  control  of  wheat  amut  we  hare  passed  ttarongb  two 
periods;  first  the  bIne«tone  or  copper  sulphate  period  from  the  earli- 
est times  up  to  1S9T,  when  formaldehyde  was  first  employed;  and 
second,  the  formaldehyde  period  from  1897  to  the  present  time.  Al- 
though the  formaldehyde  disinfection  has  very  largely  replaced  the 
use  of  bluestone  In  the  eastern  United  States,  the  latter  has  continued 
to  be  used  quite  extensively  in  the  Pacific  Northwest  since  It  has 
been  shown  to  have  some  effect  In  reducing  the  smut  In  winter  wheat 
due  to  soil  contamination,  while  formaldehyde  has  no  residual  ac- 
tion.i.  Although  both  bluestone  and  formaldehyde  treatments  have 
proved  effective  In  preventing  bunt  of  wheat  due  to  seed-borne  spores, 
both  have  certain  disadvantages  and  their  employment  Is  frequently 
followed  by  Injurious  effects  upon  the  crops. 

IHsadTMitages  of  and  Objections  to  the  Standard  Wet  Treatments 

It  has  long  been  recognized  that  the  use  of  the  various  bluestone 
formulae^  causes  much  reduction  in  the  per  cent  of  germination  of 
treated  wheat.  Even  with  close  attention  to  standard  recommenda- 
tions, treated  seed  may  frequently  show  as  low  as  only  25  to  35  per 
cent  viable,  while  reductions  to  40  to  60  per  cent  viable  are  rather 
common,  tn  addition  to  the  killing  effect  of  the  bluestone,  there 
may  be  a  pronounced  retardation  of  growth  and  a  lowered  vitality. 
Young  seedlings  may  be  twisted  and  crippled  and  the  toxic  effects 
persist  or  are  only  slowly  outgrown.  When  first  Introduced  for- 
maldehyde was  eagerly  accepted  as  a  substitute  for  bluestone  since 
It  was  claimed  to  do  away  with  the  seed  injury.  It  had  the  added 
recommendation  of  being  cheaper  and  also  more  convenient,  since 
It  is  a  solution  of  gas  In  water  and  ready  to  use  by  diluting  to  the 
proper  strength.  With  continued  use  formaldehyde  has  also  been 
found  to  have  Injurious  effects.  The  reduction  In  germination  per 
cent  of  the  treated  grain  may  be  very  alight,  especially  if  the  seed  Is 


D.n.iized  by  Google 


D.n.iiffid  by  Google 


planted  at  once  In  a  moist  soil,  but  Injury  Is  much  more  pronounced 
It  the  seed  Is  allowed  to  dry  before  aeeding  or  If  It  la  seeded  in  dry 
soils  where  it  maat  wait  for  rains  before  germination. 

It  has  long  been  known  that  an  afterbath  of  blues  tone- treated 
irheat  with  milk  of  Ume  greatly  lessens  the  amount  ot  seed  Injurr, 
and  It  has  recently  been  shown  that  the  same  method  is  effective  In 
lessening  the  injury  from  formaldehyde.  The  work  of  Brauns  in 
1920  showed  that  pre-soalting  would  accompUeh  the  same  results. 
While  these  methods  reduce  the  seed  Injury  and  have  been  recom- 
mended for  general  use.  they  do  not  entirely  eliminate  the  depressing 
effects  of  the  bluestone  treatment. 

The  methods  of  steeping  grain  In  bluestone  or  In  formatdehydt^ 
are  inconvenient.  The  handling  ot  the  wet  sacks  of  grain  is  a  dis- 
agreeable operation,  while  the  necessity  for  immersing  In  two  suc- 
cessive baths  is  an  added  burden.  The  necessity  for  treating  grain 
shortly  before  seeding,  with  special  precautions  concerning  drying, 
makes  both  ot  the  wet  treatments  objectionable.  The  nature  of  the 
disinfection  has  called  for  the  more  laborious  open-tank  method 
when  the  seed  was  heavily  smutted.  Grain  treated  by  a  wet  method 
must  also  be  protected  from  freezing. 

Historical  Statement  Coiiccr-ning  the  ITse  of  Copper  Carbonate 
Copper  carbonate  as  a  fungicide  (or  seed  disinfection  had  been 
disregarded  as  its  extreme  insolubility  in  water  was  thought  to  ex- 
clude the  possibility  of  effective  action.  In  the  form  of  a  finely 
powdered  dust  it  was  first  tested  by  Darnell-Smith*  in  New  South 
Wales  as  a  fungicide  in  the  control  of  wheat  smut.  On  the  basis  ot 
tests  conducted  in  1915  and  1916  he  reported  In  1917  that  copper 
carbonate  dust  gave 'better  results  than  either  formaldehyde  or  bluf.- 
stone.  A  more  complete  report  was  issued  in  1919,  with  the  claim 
that  machine- treated  grain  was  free  from  Rniut  while  hand-treated 
grain  showed  a  slight  amount  of  snmt.  The  copper  carbonate  dust. 
treatment  caused  no  injury  (o  seed  or  to  young  plants  and  also  re- 
sulted in  very  substantial  increases  in  yields.  The  results  of  Darnell- 
Smith  were  questioned  by  Perkinsf  In  1919  who  stated  that  "we 
can  not,  for  instance,  imagine  that  a  snbstancc  wholly  Insoluble  In 
water  can  have  high  fungicidal  properties."  A  dlHCUssion  of  thla 
criticism  was  published  by  Darnell-SmlthT  in  1921. 
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The  excellent  results  obtained  la  Australia  soon  attracted  th^ 
attention  of  Auericau  InTestl gators.  Mackie  and  BriggsS  first  re- 
ported experiments  in  California  which  corroborated  the  reports 
from  Australia.  They  reported  in  1921  that  spring  wheat  treated 
with  2  ounces  of  copper  carbonate  dust  per  bushel  was  free  from 


Fig.  2.  Viev  Dt  DucUns  Md  wftfon  with  uck  of  vhut  btlat  Miiptltd  Into  tb*  dnn. 

smut  and  suffered  no  reduction  In  germination,  wlijle  the  untreated 
check  gave  6.3  per  cent  of  ainutted  heads. 

Lambert  and  Baileya  have  juat  recently  reported  perfect  conirol 
of  both  bunt  of  wheat  and  smut  of  oats  by  using  2  ounces  of  coppor 
carbonate  dust  per  bushel.  No  reduction  in  germination  of  oais 
resulted  from  using  2  ounces  per  bushel,  while  2  to  10  ounces  of  the 
copper  carbonate  caused  no  appreciable  injury  to  wheat. 
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Tbe  results  from  the  use  of  copper  <-arboiiat«  In  sprlns  wheat 
plantings  of  1921  were  reported  by  Heald  and  Stnlthio  in  June  1922. 
These  results  as  well  ks  the  description  of  tbe  Washington  State 
College  smut-treatlng  machine  are  repeated  In  the  present  bulletin. 

Coonsii  has  recently  reported  favorably  on  the  use  of  copper 
carbonate  tor  the  control  of  stinking  smut  tn  winter  wheat  In  Mlcbi- 
gan.  Since  soli  contamination  is  not  a  factor  in  that  region,  the  re- 
sults can  only  be  compared  with  our  spring  seedings. 

CknnpanitlTe  Seed  TreatmeiitA,  1921 

Since  the  faTorable  results  reported  by  other  workers  have  been 
substantiated  by  our  own  experiments.  It  has  seemed  advisable  to 
issue  tbls  revised  report.  The  experiments  to  be  reported  herd 
covered  the  Bcasons  of  1921  and  1922. 

In  our  preliminary  experiments  two  varieties  of  wheat,  Blue- 
stem  and  Jenkins  Club,  were  selected  for  test.  The  grain  was  artl- 
riclally  smutted,  using  1  gram  of  smut  to  each  100  grams  of  seed. 
This  is  the  amount  of  smut  determined  by  previous  i^perlmeatsio 
as  necessary  to  cause  fairly  heavy  smut  but  not  the  maximum 
amount.  The  smut  was  applied  by  shaking  smut  and  seed  together 
in  a  large  Jar;  after  which  the  smutted  seed  was  divided  into  smaller 
lots,  each  of  which  received  one  of  the  treatments  specified.  Each 
lot  was  planied  in  the  field  in  rod  rows  of  carefully  spaced  seed,  and 
greenhouse  germination  tests  were  made  to  determine  the  amount  of 
seed  injury  from  the  respective  treatments.  Head  and  plant  counts 
of  the  field  plots  were  made  at  harvest  time. 

TABLE  I. 


bluf: 

-;tkm 

JESKIN8  C 

P»r 

•nl      P»r 

nltpd 

Per  Mnt     P»r  c«i 

Scrmin-        uaiiltFd 

Per  c^t 

I'l" 

mtion             plinl 

FonuBldrhrdi'.  n 
ChorapbDl,  ^>ct 
Copper 

■rarbonMe  2   gi. 
Coppfr 

"Ami  phu 
Ralpbur.  ~in  Ih«. 
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The  relatively  low  per  cent  of  smut  In  both  of  the  checks  is  ex- 
plained by  the  high  temperatures  and  dry  conditions  Immediately 
following  planting,  while  the  smaller  amount  of  amut  in  the  Jenkins 
Club  plots  was  due  to  the  proximity  of  these  to  a  row  of  willow  trees 
which  drew  very  heavily  on  the  soil  moisture.  It  may  be  noted  that 
perfect  control  of  the  smut  was  obtained  by  copper  carbonate  du^t 
and  also  by  the  mixture  of  finely  powdered  anhydrous  copper  sul- 
phate (bluestone)  and  powdered  calcium  carbonate.  The  latter  mix- 
ture will  result  In  the  forniation  of  copper  carbonate  as  soon  as  the 


treated  grain  comes  in  contact  with  soil  moisture  and  would  ther*^ 
fore  •be  expected  to  give  results  similar  to  an  Initial  application  of 
copper  carbonate  dust.  These  dust  treatments  have  given  an  improv- 
ed germination  of  the  wheat  when  eonstrasted  with  bluestone  an^I 
foi'Liialdehyde  disinfection.  The  value  of  sulphur  dust  in  smut  con- 
trol is  still  open  to  question.     Even  If  it  should  continue  to  give  ih-- 
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protection  as  Indicated  by  these   teets.   Increased  yields  would   be 
neceassry  to  justlty  the  expense  of  using  the  large  amount  of  sulphur. 

CoinpAratlve  Seed  Treatments,  Spring  Wheat,  lQft2 

Iq  the  spring  plantings  of  1922,  three  varieties  were  used,  Mar- 
quis, a  resistant  "vulgare"  type,  Bluestem,  a  susceptible  "vulgare" 
type  and  Jenkins  Club  a  very  susceptible  "compactum"  type.  In  each 
teat  three  different  degrees  of  smutting  were  employed:  light,  medi- 
um and  heavy.  The  weights  of  smut  per  100  grams  of  seed  and  the 
approximate  number  of  smut  spores  per  grain  of  wheat  were  as 
follows : 


Hpavr    imut  1.0  enniB    prr.  100  gr.  ol  neri.  00,000  spon>>  pn  irain 

The  seed  was  smutted  and  then  treated  and  planted  in  the  same 
r  as  described  in  the  tests  of  1921. 

In  the  first  series  (Table  II),  varying  quantities  of  coper  car- 
bonate per  bushel,  from  ^4  oi,  lo  3  oes.  were  used,  in  order  to  deter- 
mine if  possible  the  minimum  quantity  necessary  to  give  effective 
protection.  Hydrated  lime  was  used  as  a  diluent  tor  the  two  lower 
quantities  of  carbonate  for  comparison  with  the  pure  copper  carbon- 
ate. The  hydrated  lime  did  not  seem  to  increase  the  effectiveness 
of  the  copper  carbonate,  but  it  is  significant  that  one-half  ounce  per 
basfael  gave  nearly  as  good  protection  as  two  ounces.  The  seed  which 
was  heavily  smutted  was  black  with  smut  and  was  carrying  a  much 
larger  number  ol  spores  than  would  be  found  in  any  ordinary  farm 
practice.  The  most  smut  produced  by  any  variety,  with  medium 
smutting,  even  with  the  reduced  quantities  of  copper  carbonate,  was 
0.0  per  cent  with  an  average  of  O.Zl  per  cent,  while  the  untreated, 
medium-Brautted  lots  gave  an  average  of  24.15  per  cent  of  smutted 
heads.  The  heavily  smutted,  treated  lots  gave  an  average  of  0.97 
per  cent  smutted  heads  as  contrasted  with  an  average  of  40.57  per 
cent  smutted  heads  for  the  heavily  smutted  untreated  lots.  (Sf<- 
Table  IV  for  the  untreated  checks.) 

In  a  second  series  of  similarly  smutted  samples  (Table  III  )  the 
seed  was  treated  with  varying  quantities  of  finely  powdered  anhy- 
drous or  dehydrated  bluestone  mixed  with  equal  quantities  of  finely 
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powdered  calcium  carbonate  or  with  brdrated  lime.  The  lota  treated 
with  anhrdrous  blueatone  and  calcium  carbonate  gav«  an  average  of 
1.16  per  cent  smutted  beads,  wbile  the  correspondlns  lota  treated 
with  anhydrouB  bluestone  and  hrdrated  lime  gave  an  average  of  1.6E 
per  cent  smut  as  contrasted  with  an  average  of  23.26  per  cent  in  all 
untreated  checks.  Tbe  average  for  all  copper  carbonate  tests  wai 
0.41  per  cent  smutted  heads  as  contrasted  with  1.4  per  cent  smutted 
beads  for  all  tests  with  anhydrous  bluestone,  It  seems  from  these 
results  that  anhydrous  bluestone  is  not  quite  equal  to  copper  carbon- 
ate in  its  protective  action  and  that  bydrated  lime  la  not  so  satisfac- 
tory lor  mixing  with  the  anhydrous  bluestone  as  is  calcium  carbonate. 
Id  a  third  series  the  Corona  compound*  of  copper  carbonate  wu 
used  for  comparison  with  the  pure  copper  carbonate.  (Table  IV  ) 
The  average  per  cent  of  smutted  heads  In  nine  samples  given  each 
treatment  was  as  follows: 


r  bothel,  0.077  per  cent  uiintwd  heads 
T  buabel.  O.ODO  p«r  cent  imnlled  hetdt 
.  .  . , 17.88     per  cent  imnttcd  headi 


The  Corona  compound  contained  IT-IS  per  cent  metallic  copper 
as  compared  with  about  60  per  cent  in  the  pure  copper  carbonate. 
Two  ounces  of  the  Corona  compound  would  therefore  contain  more 
metallic  capper  than  one-half  ounce  of  the  pure  carbonate.  On  the 
basts  of  this  single  test  tbe  Corona  compound  appears,  however,  (b 
have  a  better  protective  action  than  pure  copper  carbonate  carrying 
an  equal  amount  of  metallic  copper. 

5eed-o-San,  an  organic  mercury  compound  furnished  by  ihe 
Standard  Tester  Co.,  Chicago,  did  not  give  as  good  protection  as  a 
dust  fungicide  as  the  copper  dusts,  although  it  was  very  effective 
for  light  and  medium  smutted  samples.     (Table  IV  ) 
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TABo:  n. 

Results  Id  control  of  etlnklng  smut  using  varying  quantltisB  of  copper 
carbonate.     Spring  seeding,  1922. 


Treatment 

Variety 
Marquis 
Btuestem 
Jenkins   Club 

Degree 

or 

Smutting 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

Percent  of 
heads 
Smutted 

Copper   Carbonate    'A    oi. 
per  bushel 

.0 
.0 
.0 
.0 

:S 

.88 
.0 
4.09 

Copper  carbonate  hi  oz.  plus 
hydrated  lime    %    oz.   =1 
ox.  per  bushel. 

Marquis 
Blues  tern 

Light 

Medium 

Heavy 

"Lliht 

Medium 
Heavy 

.0 
.0 
.0 
.0 
.18 
1.08 

Jenkins  Club 

Light 

Medium 

Heavy 

■."e2 

B.41    _ 

Copper  carbonate  1   oz.   per 
bushel. 

Marquis 

Light 

Medium 

Heavy 

.0 
.0 
.0 

Blueelem 

Light 

Medium 

Heavy 

.0 

.79 

.0 

Jenkins   Club 

Marquis 

Bluestem 

Light 

Medium 

Heavy 

Light" 

Medium 

Heavy 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

.0 
.0 
.0 

Copper  carbonate  1  oz.  plus 
hydrated    lime   I    oz.    ^   2 
oEs.  per  bushel. 

.0 
.0 
.0 
.36 
.33 
6.01 

Jenkins    Club 

Marquis 

Bluestem 

.0 

1.0 

.14 

Copper  carbonate  2  ozs.  per 
bushel. 

.0 
.0 

~0 
.0 

(Continued  on  next  page) 

Jenkins   Club 

.0 

.9 
.9 
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TABLE  n. — Contiiined. 


Treatment 

Variety 

Degree 

of 

SmutUng 

Percent  ot 
heada 
Bmotted 

Copper  carbonate  3  ozb.  per 
buBbel. 

Uarqula 

Light 

Medium 

Heavy 

Blueetem 

Light 

Medium 

Heavy 

;  Light 
lenktns    Club     Medium 
1  Heavy 

!o 

See  Ta'ble  IV,  for  untreated  checks. 


tabijK  m. 

Hefiulta  In  control  of  stinking  smut  using  varying  quantities  of  anhj- 
drouB  blucBtone.     Spring  seeding  1922. 


Treatment 

Variety 

Pegree 
of 

Smutting 

Percent  of 

heads 

Smutted 

Anhydrous  blueotone    H   oz. 
plus  Calcium  carbonate  H 

Marquis 

Light 

Medium 

Heavy 

.0 
.0 
.0 

oz.  =  1  oz.  per  bushel. 

Blues  tern 

Light 

Medium 

Heavy 

trace 
4.91 

Jenkins  Club 

Light 

Medium 

Heavy 

.0 
5.4 

.49 

Anhydrous   bluestone    1    o8. 
plus  Calcium  carbonate  1 

Marquis 

Medium 
Heavy 

.0 
.0 

oz.  =  2  OZB.  per  cushel. 

Bluestem 

Light 

Medium 

Heavy 

.0 
.27 
.74 

Jenkins  Club 

Light 

Medium 

Heavy 

.0 
I.IG 

Anhydrous  bluestone   2  ozs. 
plus  Calcium  carbonate  2 

Marquis 
Blues  tem 

Light 

Medium 

Heavy 

.0 
.0 
.0 

ozs.  =  4  oza.  per  bushel. 

Light 

Medium 

Heavy 

.0 
.0 
4.68 

(Continued  on  next  page) 

Jenkins  Club 

Light 

Medium 

Heavy 

1.28 
.98 
.16 
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TABLK 

Treatment 

Variety 
Marquis 
Blues  tern 

Degree 

ot 
Smutting 

J*ereent  of 
heads 
smutted 

Anhydrous  bluestone   H  oi- 
plua  Hydrated  Lime  ^  oz. 
=  1  ox.  per  bushel. 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

1.11 
.0 
.0 

1.6 

3.05 
10.15 

Jenkins  Club 
Marquis 
Blues  tern 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

.« 
2. 
.625 

AnhydrouB    bluestone    1    oz. 
plus  Hydrated  Ltme  I  ox. 

.0 
.0 
.0 

Light 

Medium 

Heavy 

.0 
.0 
3.75 

Jenkins  Club 

Light 

Medium 

Heavy 

.0 

.825 
1,79 

Anhydrous  bluestone  2   oss. 
plus  Hydrated  Lime  2  oza, 
=  i  0Z8.  per  bushel. 

Marquis 
Blues  tem 
Jenkins  Club 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

Light 

Medium 

Heavy 

.0 
.0 
.0 

— :o — 

.0 
1.S2 

2.54 
.0 

See  Table  IV.  for  untreated  checks. 
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TABIiE  IV. 

KeaultH  III  control  of  stinking  smut  with  Corona  compound  of  copper 


carbonate  and  Seed-0-San. 

Checks  of  untreated  smutty  seed. 

Spring  seeding.  1922. 

Degree 

Percent  of 

Treatment 

Variety 

of 

heads 

Smutting 

smutted 

Light 

1    ~    .0 

Corona  compound  of  copper 

Marquis 

Medium 

I            .0 

Heavy 

!        -0 

bushel. 

Light 

1        -c 

Blues  tern 

Medium 

1            .0 

Heavy 

0.15 

Light 

i        -o 

Jenkins  Club 

Medium 

1           -0 

Heavy 

0.<E 

Light 

1            0 

Corona  compound  of  copper 

Marouis 

Medium 

.0 

carbonate,      t      ozs.      per 

Heavy 

!       .0 

bushel. 

_. 

Light 

__  __j — 

Blues  tern 

Medium 

1           '0 

Heavy 

.0 

Light 

"    .0" 

Jenklna  Club 

Medium 

.0 

Marquis 

Heavy 

.0 

Seed-0-San.      2      ozs.      per 

Light 
Medium 

.0 
.0 

bushel. 

Heavy 

.0 

,  Light 

1      ■" 

Blueatem         1  Medium 

'        O.GS 

Heavy 

3.9 

Light 

.55"' 

Jenkins  Club    Medium 

\           -0 

'  Heavy 

1       1.27 

■        --    ■■ 

Light 

".61 

Cheek      No.      1.      untreated 

Marquis           !  Medium 

.68 

smutty  seed. 

Heavy 

.0 

Light 

1     "s^ss" 

Bluestem         '  Medium 

'       16.6S 

Heavy 

54.1 

UiFt 

:  --4:2^- 

lenkins   Club     Medium 

14.3 

I  Heavy 

64.4 

1  Light 

.as 

Check     No.     2.     untreated 

Marquis             Medium 

.16 

smuutty  aeed. 

Heavy 

1.66 

Light  " 

6.85 

Bluestem         |  Medium 

56.02 

Heavy 

62.7 

Light  " 

ilU 

Jenkins  Club'  Medium 

57.8 

Heavy 

i       60.56 
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Taste  wltlt  Winter  Wheat,  t»22. 

A  series  oF  tests  with  winter  wheat  varieties  in  cooperation  wllh 
the  Division  of  Farm  Crops  was  started  In  the  fall  of  1921  to  deter- 
mine the  comparative  value  of  various  seed  and  soil  treatments  in 
the  prevention  of  smut.  The  [irevious  work  with  bluestone,  formal- 
dehyde and  copper  carbonate  had  shown  nearly  perfect  control  when* 
only  Beed-borne  smut  had  to  be  combatted.  The  following  experi- 
ments were  carried  out  on  typical  summer  fallow  and  were  Intended 
therefore  to  show  the  comparative  value  of  the  different  treatments 
in  preventing  smut  originating  from  the  wind-blown  spores.  Three 
varieties  were  used:  Hybrid  128,  a  very  susceptible  "compactum" 
type,  Turkey  Red,  a  very  resistant  variety,  and  Red  Russian,  a  rather 
susceptible  variety.  The  seed  was  not  smutted  artificially,  each  lot 
was  given  the  treatment  Indicated  in  the  tabulation,  and  seeded  lu 
1/40  acre  plots.  This  series  was  also  designed  to  give  comparative 
data  on  the  yield.  The  smut  percentage  was  obtained  by  counting  a 
single  drill  row  In  each  plot,  the  total  number  of  heads  varying  from 
1000  to  4000. 

The  results  are  presented  in  Table  V.  No  reliable  conclusions 
can  be  drawn  from  the  data  on  yield,  since  there  was  a  marked  vari- 
ation in  the  soil  In  the  different  plots.  This  was  especially  notice- 
able In  the  Red  Russian  plots.  It  may  be  assumed  that  the  smut  in 
the  plots  treated  with  formaldehyde  1-40  (8.3  per  cent)  originated 
from  soil  contamination  and  that  the  seed  used  carried  but  llttlu 
smut  since  the  average  tor  the  untreated  seed  was  8.64  per  cent  of 
smutted  heads.  Compared  with  formaldehyde  1-40,  which  gives  no 
protection  from  soil-borne  smut,  all  of  the  treatments  except  sulphur 
200  lbs.  per  acre,  and  replowlng  the  summer  fallow,  show  a  reduction 
in  the  amount  ol  smut  as  a  result  of  treatment.  The  differences  are 
not  sufficiently  pronounced,  however,  to  Justify  any  conclusion  from 
this  series  as  to  the  superiority  of  any  one  treatment.  The  small 
amount  of  smut  In  the  trench  seeding  is  worthy  ot  note,  but  the  low 
yield  is  due  to  the  poor  stand  as  compared  with  other  plots  as  these 
plots  were  planted  with  a  garden  seeder.  The  Increase  of  smut  in 
the  replowed  summer  fallow  is  contrary  to  our  general  experience. 
During  the  past  season  a  65-acre  field  of  replowed  summer  fallow  on 
the  farm  of  H.  R.  Curtis,  near  Pullman,  showed  only  4.5  per  cent  of 
smut,  as  contrasted  with,  4  per  cent  on  the  normal  summer  fallow. 

16 
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A  second  series,  omitting  the  different  cnltural  practices,  KtK 
seeded  in  duplicate  rod-row  plots  In  artlllcially  smutted  enmrnct 
fallow.  Just  previous  to  seeding,  powdered  smut  was  dusted  otbt 
the  field  with  a  Corona  duster,  giving  as  uniform  a  dlBtributton  u 
possible.  The  soil  was  therefore  carrying  much  more  smut  thin 
normal  summer  fallow.  The  results  are  presented  in  Table  VI.  As- 
suming no  protective  action  from  the  formaldehyde  treatments 
(Average  of  25  per  cent  smutted  heads)  all  of  the  copper  treatments 
showed  a  reduction  in  the  amount  of  smut  as  a  result  of  the 
treatments. 

During  ths  past  year  comparative  tests  of  bluestone  and  tormal- 
debyde  with  copper  carbonate  were  carried  out  on  farms  In  different 
parts  of  the  state,  the  larger  number  of  the  tests  being  supervised  by 
Mr.  Q.  L.  Zundel,  Extension  Pathologist,  wtth  the  assistance  of 
County  Agents.  The  appended  table  (Table  VII  )  Is  a  summary  from 
these  tests  and  others  arranged  for  by  the  Experiment  Station  Pa- 
thologist. Although  there  were  individual  cases  in  which  the  old 
treatments  gave  "better  results  than  copper  carbonate,  the  latter  gave 
better  average  results  In  all  cases. 
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is 

21.3 
26.2 
26.2 
18.0 

18.5 

12.6 
16.6 

23.7 
11.03 

Pi 
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11 

--        -- 

1 

Sulphur  iOo  tbs.  per  A. 

Sulphur  30  Ihe.  per  bu. 

Formaldehyde  1-40 

Copper  carbonate  2  oz. 
per  bu. 

Anhydrous  copper  sul- 
phate 1  oz. 

Calcium  carbonate  1 

Copper  sulphate  1-6 
Copper  sulphate  1-6 

plus  Lime  bath 
Formaldehyde  1-40 
Copper  sulphate  1-1 

Sprinkle 
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SI 

S  8 


4 

"S  — 2 

-pi 

1  H 

31.2 
30.2 
12.4 
36.0 
18.7 

10.28 
8.47 

11. 
8.4 

11.4 
5.1 

"--== 

H 

E- 

<; 

Eh 

Itluestone.  standard 

Copper  carbonate  dust  2  oz.  per  bushel 

Bluestone  plus  Lime  bath 

Copper  carbonate  2  ozs.  per  bushel 

Formaldehyde  1-40 

Copper  carbonate  2  ozs.  per  bushel 
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The  Effect  of  Copper  Cftrbonale  on  Qermiiution  and  Growth 

One  of  the  special  values  of  copper  carbonate  as  a  seed  tuDgicldft 
1b  ItB  non-toxic  effect  upon  the  treated  grain.  The  germlnatloD  tests 
reported  In  Table  I,  show  that  seed  treated  with  either  copper  car- 
bonate or  anhydrous  copper  Esulphate  plus  calcium  carbonate  gave  a 
higher  per  cent  of  germination  than  untreated  aeed. 

The  question  has  been  raised  as  to  whether  wheat  may  be  dusted 
with  copper  carbonate  some  months  previous  to  seeding  time  withoni 
suffering  any  Injury.  In  order  to  lest  this  point,  four  varieties  were 
given  the  standard  treatment  (2  ounces  per  bushel),  and  germination 
tests  made  at  intervals  In  comparison  with  untreated  seed.  Thp 
treated  and  untreated  seed  was  planted  In  flats  in  the  greenhouse 
using  ZOO  seed  in  each  lot.  The  appended  table  (Table  VIII)  show^ 
the  results  obtained  up  to  the  present  time. 

An  examination  of  this  table  will  show  not  only  that  do  injnrt 
resulted  for  the  duration  of  the  test,  but  tbat  the  dusted  graij 
showed  an  improved  germination  over  the  untreated  samples. 

Mr. .  Hill,  of  the  Waterville  Branch  Station,  has  reported  the 
value  of  copper  carbonate  la  lessening  seed  injury  for  late  fall-seeded 
grain.  The  data  in  the  appended  table  <Table  IX}  are  taken  from 
his  report,  and  show  the  per  cent  of  germination  under  field  coii- 
ditions.  The  marked  superiority  of  the  copper  carbonate  over  for- 
maldehyde and  bluestone  is  clearly  evident. 

Besides  preventing  reduction  in  germination  per  cent  and  tbu! 
improving  the  stand,  the  copper  carbonate  treatment  induces  a  more 
rapid  germination  and  a  more  vigorous  growth.  This  is  especial))' 
marked  in  comparing  fields  from  seed  treated  with  bluestone  wiiii 
fields  or  plots  treated  with  copper  carbonate.  In  numerous  cases 
of  tall-seeded  grain,  the  greater  vigor  of  growth  of  the  copper  car- 
bonate-treated field  has  been  very  pronounced,  even  during  the  early 
spring.  While  we  have  no  reliable  quantitative  data  on  yields,  our 
cooperators  generally  agree  that  the  copper  carbonate  has  also  glvpii 
increased  yields. 

Foniiuln  and  »etliods  of  Appllcntlon  of  Co|>per  Carbonate  I>iL^ 

On  the  basis  of  completed  trials  our  present  recommendation  h 
the  use  of  at  least  Z  ozs.  of  finely  powdered  copper  carbonate  pe" 
bushel  of  wheat.     The  powder  should  be  fine  enougbt  for  98  p*r 
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cent,  to  pass  through  a  200-m6Bh  sieve  and  Bhould  be  of  the  llgbt 
nuKy  type  designed  especially  for  dusting.  The  heavy  copper  car- 
bonate.designed  for  the  metallic  trades  should  be  avoided.  The  pDr« 
copper  carbonate  should  test  at  least  SO  per  cent,  metallic  copper. 
The  effectiveness  of  the  treatment  depends  on  the  uniform  distri- 
bution of  finely  divided  [larticlea  over  the  surface  of  the  grain.  One- 
half  ounce  per  bushel  has  given  nearly  as  good  protection  in  sprini; 
seeding  as  2  ota.  per  bushel,  vhlle  2  ozs.  ser  bushel  of  the  Corona 
compound  carrying  only  IS  per  cent,  copper  has  given  nearly  as  seed 
protection  as  2  oeb.  of  the  pure  copper  carbonate.  Four  ounces  of 
the  Corona  compound  per  bushel  gave  perfect  protection  in  spring 
wheat.  Under  field  conditions  giving  a  relatively  low  per  cent  of 
smut,  2  ozs,  per  bushel  has  given  perfect  protection  while  with  con- 
ditions much  more  favorable  for  smut,  3  ozs.  per  b»Bhel  has  produced 
a  smut-free  crop.  Considering  this  fact)  the  use  of  3  ozs.  per  bush"! 
Is  worthy  of  trial  for  fall-seeded  grain,  where  soil  as  well  aa  seed- 
borne  smut  must  be  combatted.  It  may  be  noted  that  no  harm  will 
result  from  the  use  of  all  the  copper  carbonate  that  the  seed  will 
carry. 

A  word  of  caution  may  be  offered  against  the  possibility  of  too 
heavy  seeding  when  using  the  carbonate  treatment.  The  dry  grain 
feeds  taster  through  the  drill  than  moist  grain,  the  grains  are  not 
swollen  and  there  Is  even  an  increased  germination,  hence  the  grower 
should  set  the  drill  to  deliver  less  seed  than  bas  been  customary  with 
the  old  methods. 

Since  there  have  been  some  complaints  of  illness  due  to  Inhala- 
tion of  copper  carbonate  dust  while  carrying  out  treating  operationi, 
farmers  are  urged  to  take  proper  protective  measures.  The  following 
recommendations  are  offered:  Use  some  form  of  respirator  to  pre- 
vent Inhalation  of  dust  eapeclallly  if  treating  operations  are  to  b* 
carried  out  in  a  closed  room.  Dr.  W.  W.  Mackie  reports  that  the 
Willson  Dustlte  Respirators  made  by  the  WiUson  Goggles  Co..  Read- 
ing, Pa,,  have  been  used  with  complete  satisfaction  In  Calltomla, 
making  it  possible  to  work  while  enveloped  In  a  cloud  of  the  copper 
carbonate  dust.  If  obliged  to  work  without  a  respirator,  treatmeni^ 
should  be  carried  out  In  the  open,  and  the  apparatus  should  be  so 
arrangi'd  that  the  wind  will  earry  the  dust  away  from  the  operator. 
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Even  it  working  in  ttie  open,  the  operator  will  tind  a  respirator  of 
value  It  treating  grain  contlnaously  or  tor  any  ezten-led  period. 

Tlie  application  ot  tlie  copper  carbonate  dust  may  be  made  in  a 
number  of  different  ways.  In  our  eariiest  experimenlal  work  tbe 
treatuieot  was  carried  out  by  ehaklng  the  aeed  and  the  requisite 
amount  ot  copper  carbonate  in  a.  ciosed  container.  A  barrel  chum 
has  been  used  witti  good  results,  while  In  some  iar^er  operations  a 
small  concrete  mixer  has  been  tried.  In  some  of  the  demonstration 
trials  the  dusting  has  been  accomplished  by  emptying  the  wheat  and 
the  desired  amount  ot  copper  carbonate  on  a  canvas  and  sbovelin; 
over  the  mixture  until  the  grain  became  thoroughly  coated,  but  this 
last  method  Is  not  recommended  as  it  is  felt  that  it  gives  the  least  ef- 
fective distribution  of  the  dust  and  offers  more  opportunity  for  per- 
sons doing  the  treating  to  inhale  the  irritating  and  poisonous  dust 
particles.  A  special  dusting  machine  has  been  d''Bigned  which  is 
effective  auij  also  convenient,  and  it  Is  expected  that  this  or  similar 
machines  will  come  Into  general  use." 

Washington  State  College  Smiit-Ti-eatlng  Machine* 

In  designing  a  machine  for  the  dry  or  dust  treatment  of  wheal 
for  smut  the  following  points  were  kept  In  mind:  ()  To  bandle  th-* 
grain  as  little  as  possible;  (2)  To  mix  the  grain  and  copper  carbonate 
In  sack  lots;  (3)  To  make  the  machine  self-bagging;  (4)  To  sack  tb^ 
grain  In  quantities  that  could  easily  be  handled  at  the  drill;  <S)  To 
mix  the  grain  with  as  few  turns  ot  the  drum  as  would  give  ettectlvi- 
distribution;  (6)  To  avoid  the  disagreeable  copper  carbonate  dusi: 
(7)  To  build  a  machine  that  a  farmer  having  mechanical  ability 
might  make. 

The  accompanying  Illustration  (Fig.  1)  shows  the  principle  or 
the  mixer.  The  drum  Is  revolved  until  the  opening  Is  under  the  fill- 
ing hopper.  A  stop  bolt  through  the  vertical  post  holds  the  drum 
In  filling  position.     The  helper  on  the  wagon  then  empties  a  sack  of 

•A  r«pnt  IflliT  from  Dr.  W.  W.  Murliie,  Office  of  Cerwl  InvratiKBlion-.  W»-h- 
inglon.  I>,  C.  aho  is  MMioned  at  th*  Univfrsily  at  Csllfomii,  cont.in.  ihf  feline 
init  infonnation:   ■'«>  linvf  p«f.-cti-d  nuA  pWenMd  an  Bnlom«Iic  dusllag  mtrhio- 
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grain  Into  the  hopper  and  It  flows  into  the  drum.  (Fig.  2).  The 
drum  Is  then  turaed  back  bo  tbe  operator  stAnding  on  the  ground  can 
scatter  the  copper  carbonate  unltormly  over  the  surface  oF  tbe  grain. 
aFter  which  tbe  sliding:  door  is  put  In  position  and  the  drum  rotated 
for  two  minutes.  This  gives  ZO  to  30  revolutions  per  minute  which 
is  sufficient  to  coat  thoroughly  each  grain  with  the  powder. 

In  the  drum  there  are  three  wooden  radial  mixers  or  buffers,  of 
a  width  equal  to  halt  the  radius  oF  the  drum  (Figs,  1,  3),  In  position 
I  the  grain  has  slid  off  the  board  'b"  and  is  being  lifted  by  "a"  dur- 
ing which  time  It  flows  over  "a"  Itlie  water  over  a  dam.    It  should  be 


Fig.  6,     Vl<w  o[  tbe  (mail  dniting  nwcfelna,  wtaieb  li  urtnsail  to  imptT  l&M  ■  Iwx 

noticed  that  the  upper  portion  of  the  grain  is  passinB  over  "a"  first. 
Position  11  shows  ihp  bottom  portion  of  the  grain  leaving  "a"  and 
forming  the  top  of  the  pile  below.  Thus  the  grain  is  largely  reversed 
in  position  each  time  it  passes  over  a  niUing-board,  making  three 
mixes  per  revolution  of  the  drum.  When  the  two-minute  mixing 
period  Is  completed,  the  drum  Is  stopped  at  its  filling  position,  and 
the  sliding  cover  is  pulled  out.  The  drum  Is  then  turned  one-half  a 
revolution  to  position  III  at  which  poMtion  the  treated  grain  is 
equally  dumped  into  the  two  sacks  below  and  Is  ready  to  be  tied  up 
for  use  in  the  field.     (Fig,  4). 
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The  ratio  of  the  sprocketB  Ib  1  to  4,  there  being  8  teeth  on  the 
drive  sprocket  and  H  on  the  dmm  iprocket.  The  drum  Is  21  Inches 
In  dfameter  and  36  inches  long.  The  machine  stands  five  and  one- 
halt  feet  in  height.  The  machine  has  a  capacity  of  one  tall  sack  ot 
Theat,  bat  it  is  expected  that  partial  sacks  <m  buBhels)  will  be  used. 
In  treating  a  sack  ot  wheat,  the  crank  turns  t>T  hand  about  as  hard 
as  a  cream  separator.  One  sack  can  easily  be  run  through  every  tour 
or  five  minutes.  It  would  therefore  not  take  long  to  treat  enongti 
seed  tor  a  large  field. 

A  blueprint  showing  all  the  dimensions  of  the  smut-lreatine 
machine  will  be  sent  upon  application,  with  a  covering  tee  ot  twenty- 
five  cents. 

The  first  machine  made  to  test  the  utility  ot  this  principle  of 
mixing  1b  shown  In  Fig.  6.  The  drum  Is  16  inches  in  diameter  and 
34  inches  long.  It  was  built  as  an  Investigational  study  In  Agricnl- 
tural  Engineering  by  a  student,  Stephen  White,  whose  ideas  assisted 
very  materially  in  the  development  of  the  larger  machine.  The  small 
mixer  will  treat  one-halt  bushel  at  a  time.  It  Is  al>aut  as  large  as 
can  be  conveniently  turned  with  the  crank  fastened  to  the  axle  ot  the 
drum,  and  would  do  very  well  for  treating  seed  for  small  fields. 


Advantages  of  the  Copper  Carbonate 

The  advantages  ot  the  dust  treatment  are  so  pronounced  that 
this  method  of  control  may  be  expected  to  replace  the  older  w»t 
treatments  with  bluestone  or  formaldehyde.  Even  though  it  should 
give  no  better  protection  from  smut,  we  should  still  continue  to  rec- 
ommend It.  It  is  our  prophecy  that  we  are  now  beginning  the  "cop- 
per carbonate  period  of  seed  disinfection."  The  Important  advantagfs 
of  this  copper  carbonate  dust  may  be  briefly  enumerated  as  follows; 

1.  The  elimination  ot  the  inconvenient  and  disagreeable  soar- 
ing methods. 

2.  The  convenience  of  being  able  to  treat  seed  days  or  even 
months  before  It  Is  needed  tor  use,  thus  making  possible  the  utllixi- 
tloD  of  spare  time. 
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i.  The  elimination  of  seed  Injury  and  retarded  growth,  with 
«Tea  an  Improvement  in  germlnatibn  over  that  of  untreated  seed. 
This  will  aake  poeslble  a  reduction  in  the  amount  of  seed  used  per 
acre  and  should  result  in  a  considerable  annual  saving  as  soon  as  the 
method  comes  to  be  general]]'  practiced. 

4.  The  elimination  of  danger  from  seeding  In  the  dry,  making 
It  possible  to  se«d  in  the  "dust,"  rather  than  being  obliged  to  wait 

5.  Probable  increased  shields  due  to  better  stands,  no  retarding 
influence  of  the  fungicide,  and  equal  or  better  control  of  smut. 

8.  A  proibable  increased  protection  from  reinfection  of  treated 
seed  by  amuty  sacks,  broken  smut  balls  or  from  the  wind-bome 
spores  that  are  generally  present  in  our  summer  tallow  fields. 


Literature  Cited 

1.  Heald,  F.  D.  &  Woolman,  H.  M.  The  bunt  or  stinking  smut 
wheat.     Wash.  Agr.  Exp.  Sta.  Bui.  196:  IT.     1915. 

2.  Zandel,  O.  L.  The  effects  of  treatment  for  b«Bt  on  the 
germination  of  wheat.     Phytopath.     11:  489-484.     1921. 

3.  Braun,  Harry.  The  presoak, method  of  seed  treatment:  & 
means  of  preventing  seed  Injury  due  to  chemical  disinfectants  and  of 
increasing  germicidal  efflciecy.  Journ.  Agr.  Res.  19:  363-392 
1920. 

4.  Darnell-Smith,  G.  P.  The  prevention  of  bunt.  Agr.  GaK. 
Mew  South  Wales  a»:  186-189.     1917. 

6 and  Ross,  H.     A  dry  method  of  treating 

»eed  wheat  for  bunt.     Agr.  Gas.   New  South   Walea  SO;    68E-692. 
1919. 

6.  Perkins,  A.  J.  Random  afn'icultural  Jottings.  Jour.  Dept. 
Agr.  South  Australia  28:  287-290.     1919. 


D.n.iized  by  Google 


7.  Darnell-Smitb,  G.  P.  Fungicidal  dosU  for  the  eontrol  ot 
smut     Agr.  Gas.  New  South  Wales  SS:  796-798.     1911. 

8.  Mackie,  W.  W.  and  Briggs,  P.  N.  Fanglcldal  dnata  tor  the 
control  (rf  amnt.  Science  N.  S.  69;  &40-S41.  1921.  Chemical  dait 
for  the  control  of  bunt.     Phytop&th.  11:  38-3S.     1921. 

9.  Lambert,  E.  B.  and  Bailey,  D.  L.  Results  of  treating  seed  of 
spring  vbeat  and  oats  with  copper  carbonate  dust  to  prevent  smut. 
Pbytopath.  la:  S«.    1922. 

10.  Heald,  F.  D.  and  Smith,  L.  J.  The  duetlng  of  wheat  (or  bunt 
or  stinking  amnt.    Wash.  Agr.  Exp.  Sta.  Bnl.  168:  116.    June  1922. 

11.  Coona,  G.  H.  A  new  method  (or  etinUng  smut  control. 
Micb.  Agr.  College,  Quarterly  Bui.  S:  8-11.     Ang.  19S2. 

12.  Heald,  F.  D.  The  relation  of  apore  load  to  the  per  cent  ot 
atlnklng  amnt  appearing  in  the  crop.    Pbytopatb.il:  269-278.  1921. 

Hote:  Special  acknowledgement  abould  be  made  of  the  valnable 
assistance  rendered  by  Hr.  L.  W.  Boyle,  Student  Assistant  in  Plant 
Pathology,  In  the  preparation  of  this  bulletin.  Tbioaghout  the  proee- 
catlon  of  the  work  he  has  been  aasoclated  with  the  senior  anther. 
He  has  assisted  In  planning  the  experiments,  has  been  lurgely  re- 
sponsible for  the  field  and  laboratorj'  work  InTolred,  and  has  tabu- 
lated the  results. 


D.n.iized  by  Google 


2  i> 
3 


STATE  COLLEGE  OF  WASHINGTON 
AGRICULTURAL  EXPERIMENT  STATION 

PULLMAN,  WASHINGTON 


DIVISION  OF  ENTOMOLOGY  AND  ZOOLOGY 


The  Orchard  Leaf-Roller 


By 
Anthony  Spnler 


BULLETIN  NO.  172 
November,  1922 


All  BulletliiB  of  tblfl  Station  are  seat  tree  to  citizens  of  tbe  State  c 
application  to  the  Director. 


Dinitized  by  Google 


BOARD  OF  BEGENTS 

A.  D.  Dunn,  Presldeat .Wapato,  Wart. 

E.  0.  Holland  (President  ol  the  College,  Secretary  ex  oGClclo) 

W.  A.  Rita Walla  Walla,  WMh. 

J.  H.  Hulbert „.Hount  Vernon,  Wash. 

A  W.  Davis Spokane,  Wash. 

F.  J.  Wilmer  Rosalia,  Vl^h. 


EXPEBIMEKT  STATIOX  STAFF 


..Acting  Chunist 


J.  R.  Neller,  Ph.D Aaalatant  Chemist 

Otto  McCreary,  B.8 Asslstaat  Chemist 

E.  V.  Ellington,  B.S Dairy  Husbandry 

Robert  D.  Tucker,  B.S.  OHlcial  Testing 

A.  L.  Melander,  D.  5c.  .  ..Entomology  and  Zoology 

W.  T.  Shaw.  M.S ZoologT 

Anthony  Spuler,  M.S. Aasistaat  Entomolc^st 

E.  G.  Schater,  M.S __.J"arm  Crops 

E.  F.  Oalnea,  D.  Sc* Cerealist,  Farm  Crops 

O,  E.  Barbee,  M.S Assistant  In  Farm  Crops 

Geo.  Severance,  B.S Fatm  Management 

E.  R.  Johnson,  M.S Reaeareh  Assistant  in  Farm  Management 

0.  M.  Morris,  M.S Horticulture 

Roy  Larson,  B.S.** Aaalatant  Horticulturist 

0.  L.  Waller,  Ph.  M,  Irrigation  Engineering 

F.  D.  Heald,  Ph.  D Plant  Pathology 

B.  F.  Dana,  M.S Assistant  Plant  Pathol(«ist 

R.  V.  Mitchell.  B.S - Poultry 

F.  J.  Slevere,  M.S - Soils 


...Superintendent  Adams  Branch  StaUon,  Llnd 

Assistant  In  Crops  and  Soils 

Adams  Branch  Station,  Und 
C.  E.  Hill,  B.S.* In  charge  Watervllle  Branch  Station,  Waterrllle 

B.  P.  Bean,  B.S.* Supt.  Irrigation  Branch  Station,  Procser 

H.  P.  Singleton,  B.S ....Asat  in  Crops,  Irrigation  Branch  Station, 

Proaser 

C.  C.  Wright.  B.S.* Irrigation  Engineer,  Irrigation  Bran<di 

SuUon,  Proaser 
■In  co-operation  with  the  United  States  Department  of  Agriculture. 
**In  co-operation  with  Chelan  County. 


D.n.iized'y  Google 


CTCHAKQ 

THrGAH  STATE     C»^^y^ 


The  Orchard  Leaf-Roller 

By 

Anthony  Spuler 


IntrodncUon 

The  orchard  leal-roller  (irchips  org-nTaspiXa)  ia  quite  generally 
distributed  tbruout  the  United  States  and  parts  of  Canada.  It  first 
became  known  aa  a  destructive  pest  In  1S30  In  Northern  Colorado  and  Is, 
therefore,  sometlmeB  known  as  the  Colorado  leaf-roller.  Since  then 
similar  outbreaks  have  occurred  In  Oregon,  California,  Washington. 
Idaho,  Montana,  New  Mexico,  Missouri,  New  York,  Maine  and  the 
Province  of  Ontario. 

The  leaf -roller  has  undoubtedly  many  natural  enemies  which  tend 
to  hold  It  In  check.  After  serious  outbreaks  in  other  districts,  para- 
sites have  established  a  natural  control  and  reduced  the  leaf-roller  to 
secondary  Importance.  Whether  this  will  hold  true  for  the  Insect 
in  the  infested  districts  of  Washington,  Oregon,  Calllornia,  Idaho 
and  Montana,  where  It  Is  now  prevalent,  remains  to  be  seen. 

In  the  State  of  Washington  the  orchard  leaf-roller  was  observed 
In  the  Spokane  Valley  aa  early  as  1903.  Previous  to  1919,  this  insect 
-was  considered  of  minor  Importance,  but  during  that  year  It  began 
to  Increase  with  alarming  rapidity  In  the  Spokane  Valley,  especially 
the  Oree  nacres -Otis  Orchards  district,  and  In  the  fall  many  egg-masses 
could  be  found.  The  following  spring  very  little  was  done  toward 
controlling  this  insect  mainly  because  the  weather  was  unfavorable 
for  dormant  spraying.  As  a  result,  the  leaf-rolter  became  very 
destructive  In  1920,  In  some  cases  completely  defoliating  trees  and 
destroying  the  entire  crop.  At  the  present  time  this  Insect  Is  still 
considered  the  most  serious  Insect  pest  In  the  Spokane  Valley,  It  has 
spread  over  the  entire  valley  and  also  Is  on  the  Increase  about  Kettle 
Palls,  thruout  Spokane  County,  around  Walla  Walla,  Kennewick, 
Yakima,  Neppet,  Wenatchee,  Palouse  and  Pullman.  Because  of  the 
Increasing  prevalence  of  the  leaf-roller,  this  progress  report  Is  issued 
as  an  Informational  bulletin. 

Life  Hlstor;  of  the  Orchard  Leaf>Roller 
Th«  orchard  leaf-roller  passes  the  winter  In  the  egg  stage. 
The  eggs  are  deposited  on  the  trnnk,  limbs,  twigs  and  occasionally 
on  the  fruit.  In  gluey  masses  about  one-eighth  to  one-fourth  Inch  in 
diameter.  These  egg-masses  are  greenish  at  first,  later  changing  to 
brown  or  pale  brown,  vary  considerably  in  size  and  contain  six  to 
lie  eggs.  The  old  hatched  egg-masses  may  remain  on  the  trees  for 
a  period  of  two  years.  By  this  time  there  Is  a  marked  breaking  down 
of  the  individual  egg-cells  which  Is  not  found  in  the  newly  batched 
egg-masses.  It  rarely  happens  that  all  of  the  eggs  In  an  egg-mass 
batch,  even  when  not  sprayed.  Sometimes  all  of  the  eggs  in  a  mass 
fall  to  hatch,  which  may  be  due  to  a  tack  1 1  fertilization. 

Early  in  the  spring,  about  the  time  that  the  blossom  buds  begin 
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to  show  pink  or  even  earlier,  the  eggs  begin  to  bBtch.  The  newly- 
hatched  larvae  are  about  one-Blxte«nth  inch  In  length  and  greenish 
in  color  with  the  exception  ol  the  head  and  thoracic  sMald  which  are 
black.  At  this  time  they  look  for  some  tender  morsel  to  eat  and 
usually  work  their  war  Into  the  bloesom  buds  or  Into  the  btosBoms 
after  they  have  opened.  Here  they  work  beneath  tike  stamen  bars 
and  often  destroy  tbe  essential  parts  of  the  flower,  before  fertilization 
can  take  place.  There  Is  usually  one  larva  to  a  blossom,  altbo  there 
may  be  two  or  even  more.  Infested  blossom  buds  are  usually  so 
badly  spun  with  silken  web  that  they  are  unable  to  open  properly. 
The  young  larvae  aleo  attack  newly  developed  leaves.  After  the 
second  or  third  molt  until  mld-aummer  the  larvae  feed  eztenalvely 
on  leaves  and  Trult,  causing  the  leaves  to  roll  up  and  become  attached 
to  the  fruit.  The  catarplllars  are  very  sensitive  and  have  tbe  habit 
of  wriggling  backward  out  of  their  webs  when  disturbed,  but  remain 
suspended  by  a  silken  web  spun  from  the  mouth.  After  swinging 
for  a  short  time  the  caterpillars  work  their  way  back  to  the  leaves  ' 
or  descend  to  the  ground.  Sometimes  the  wind  will  cause  them  to 
swing  to  a  neighboring  tree  or  shrub.  About  the  middle  of  June  the 
caterpillars  become  fully  grown  and  are  then  a  little  less  than  an 
Inch  In  length.  They  now  spin  themselves  up  in  a  silken  web  within 
curled  leaves  or  within  cavities  eaten  out  of  the  fruit  and  pupate. 
In  about  two  weeks  tbe  adult  moths  appear.  The  moths  are  scarcely 
a  lUilt-incb  In  length  and  vary  In  color  from  almost  a  sulphur  yellow 
to  yellow  with  brown  mottllngs.  They  remain  In  hiding  during  the 
day  but  become  active  at  dusk  and  are  more  or  less  attracted  by 
light.  Egg  laying  commences  a  short  time  after  the  adults  emerge. 
There  la  but  a  single  brood  a  year. 

Host  Plants 
The  orchard  leaf-roller  is  known  to  feed  upon  the  following: 
Alfalfa,  apple,  apricot,  cherry,  currant,  elm,  gooseberry,  locust,  onion, 
pear,  plum,  poplar,  prune,  QUlnce,  raspberry  and  rose. 

Hatore  of  Injnrr 

The  first  work  of  the  larvae  Is  upon  the  opening  buds,  bloBaoms. 
newly  formed  leaves  and  forming  fruit,  all  of  which  may  be  partially 
or  entirely  destroyed.  In  cases  of  severe  Infestation,  the  trees  may 
be  entirely  defoliated.  Trees  that  are  defoliated  one  year  are  in  no 
condition  to  bear  ^ult  the  next.  fYuit  attacked  when  small  develops 
Into  very  irregular  shapes  (see  figure  on  cover)  and  la  unfit  tor 
market 

Control 

Experiments  on  the  control  of  the  leaf-roller  have  been  con- 
ducted along  three  definite  lines:  Ist,  spraying  with  a  heavy  mlsclble 
oil  to  destroy  the  over- wintering  eggs;  2nd,  spraying  with  a  contact 
Inaecticlde  to  kill  the  young  larvae  (this  also  Includes  dusting): 
and.  3rd,  spraying  with  an  arsenical  to  poison  tbe  larvae  when 
feeding. 

on  Spnij — In  the  spring  of  1921,  on  April  15,  when  entirely  dormant. 
some  trees  on  the  Robinson  place  near  Otla  Orchards  were  haavlly- 
aprayed  with  vartouB  brands  of  mlsclble  oil.  On  June  8,  when  all  the 
viable  eggs  on  the  check  tree  had  hatched,  egg-masses  removed  from 
the  trees  were  examined  with  a  binocular  microscope  and  the  number 
ol  eggs  batched  in  each  mass  carefully  noted.  Following  are  '--< 
results  obtained: 
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Treatment 

Total 

1  iStchU 

18S6 
771 
630 
298 
198 

1546 
851 
592 
336 
432 
787 
155 

237B 
2010 
1989 
2594 
225G 
2426 
2181 
2157 
1784 
1869 
2273 
2034 

Dormoll  10% 

1239 

Spratnulalon  12%  

SpramulHlon  10%  

Scalecldo  10%  

Dormant  Soluble  Oil  10% 

!    2294 

2057 

880 

1830 

1     11.5 
I       8.6 
1     67.1 
!     39.1 

Snlco  5%   

1     1448 

'     18.9 

Sol.  Sul.  and  Dormoll  6% 

Check 

!    1486 

1     1879 

!     34.5 
'       7.7 

Judglns  from  the  foregoliiK  table  one  would  naturally  conclude 
that  a  ralsclble  oil  was  Ineftectlve  In  controlling  the  leat-roUer.  It 
must  be  remembered,  however,  that  the  spray  was  put  on  before 
material  development  had  begun  In  the  leaf-roller  egss.  All  Insect 
eggs  are  generally  considered  to  be  much  more  resistant  to  sprays 
when  completely  dormant  than  when  near  the  hatching  period.  In 
no  case  was  there  any  evidence  of  oil  Injury  to  the  trees. 

In  the  spring  of  1922  the  experiment  with  the  various  oils  was 
repeated  on  the  Crawford  place  near  Dlshman.  The  sprays  were 
applied  April  24  and  25,  at  which  time  the  tips  of  the  leaves  were 
In  evidence.  After  the  hatching  was  completed  the  egg-masses  were 
removed  as  In  the  previous  year  and  counts  made  of  the  number  of 
eggs  hatched.    Following  are  the  results  obtained: 


Treatment 

Hatched 

Hatched 

Total 

Xt'^hed 

463 
1794 
1107 
187 
379 
220 
334 
4SS 
151 
251 
387 
504 
145 
465 
389 
1432 

1299 
2S1 
384 
1362 
1611 
1270 
1096 
1296 
1689 
1609 
1070 
127E 
1866 
1429 
1330 
313 

1762 
2075 
7491 
1549 
1990 
1490 
1430 
1754 
1840 
1860 
1457 
1779 
2001 
1S94 
1699 
1745 

S6.3 

76,6 

Check    

18. 

Judging  from  the  results  obtained  from  the  foregoing  table,  a 
10  per  cent  strength  of  either  Dormant  Soluble  Oil  or  Dormoll  of 
1922  composition  gave  fairly  good  control.     Had  the  spraying  been 
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delayed  for  a  few  days  a  weaker  strengtli  would  probably  hare  been 
equally  effective.  The  Ortho  oil  did  not  emulslly  well  and  [ormcd 
Into  droplets  when  applied  to  the  treee.  It  ts  Interesting  to  note  In 
this  connection  that  a  rain  coming  after  tlie  spray  has  had  a  chance 
to  dry  Is  not  so  great  a  factor  In  destroying  the  value  oE  the  spray 
as  has  commonly  been  supposed. 

A  great  deal  has  been  said  In  recent  years  about  oil  Injury  to 
trees.  Hudii  of  this  complaint  can  Justly  be  laid  to  winter  Injnry. 
OU  sprays  are  generally  considered  to  have  a  stimulating  effect  on 
tree  growth.  It  1b  probable  that  the  oil  has  a  dissolving  effect  on  the 
wax  of  the  bark,  thus  allowing  earlier  and  increased  respiration  In 
take  place.  OiUette  and  WeldonI  ol  Colorado  and  Pennyll  and  Jones^ 
of  California  have  observed  that  trees  sprayed  with  oil  hare  a  greener 
and  more  thrifty  appearance.  This  stimulating  effect  has  also  been 
noticed  in  the  State  of  Washington.  Investigations  in  the  use  of  oil 
sprays,  conducted  over  a  period  ol  fifteen  yearj  by  the  Division  ol 
Entomology  of  the  Washington  Experiment  Station,  in  conaectlon 
with  its  work  on  the  San  Jose  scale  and  lately  on  leaf-roller,  show 
not  a  single  case  of  oil  Injury.  Reports  rrom  Colorado,  Oregon  and 
California  show  slnillar  results.  On  the  other  hand,  Parkert  of 
Montana  reports  considerable  injury  to  trees  from  the  use  of  oil 
sprays.  In  summing  up  these  Investigations  one  Is  led  to  believe  that 
oil  sprays,  where  properly  emulsified  and  aot  used  in  excessive 
atrengtha,  are  safe  in  moderate  climates.  In  other  words  oil  injury 
ts  closely  related  to  extreme  low  temperaturea  over  a  period  of  time. 
Just  what  effect  an  oil  spray  has  on  trees  sprayed  after  a  period  of 
extreme  cold  la  not  definitely  understood.  According  to  Dr.  F.  L. 
Pickett,  Professor  of  Botany  at  the  States  College  of  Washington, 
there  is  a  rapid  drying  out  of  the  wood  of  twlga  during  a  period  of 
extreme  cold  and  thla  drying  out  process  probably  renders  the  wood 
less  impervious  to  the  penetrating  qualities  of  the  oil.  Oils  which 
penetrate  are  generally  thought  to  destroy  the  living  cells.  Dr.  Felt, 
State  Entomologlat  of  New  York,  Is  also  of  the  opinion  that  oil  Injury 
at  this  time  is  due  to  the  fact  that  oil  penetrates  the  tissues  of  etp 
wood.  This  same  penetrating  action  of  the  oil  Is  supposed  to  take 
place  If  the  trees  are  sprayed  immediately  before  a  severe  Ireeie. 
Of  recent  years,  the  winters  of  1919-20  and  19Z1-3S  have  been  amunaUr 
severe  when  the  temperature  dropped  considerably  below  teroi  and 
remained  there  lor  a  long  period.  Almost  all  of  the  complaints  of 
oil  Injury  have  followed  In  the  wake  of  these  two  severe  seasons. 
In  the  Bitter  Root  Valley  of  Montana,  the  winter  temperatarea  are 
normally  quite  low  and  injury  from  oti  sprays  Is  quite  common.  In 
California,  where  winter  temperatures  are  considerably  higher,  winter 
apray  injury  from  the  use  of  dormant  oil  sprays  Is  unknown.  Properly 
used  oil  sprays  should,  apparently,  not  be  regarded  as  dangerous 
unless  excessively  cold  weather  precedes  or  follows  the  spraying. 
In  order  to  reduce  danger  from  oil  Injury,  aprays  of  this  kind  should 
not  be  applied  In  the  fall  of  the  year  or  in  the  spring  until  after 
danger  of  severe  freezing  has  past. 

Another  objection  to  oil  sprays  Is  their  variable  composKloB. 
Many  of  the  so-called  misclble  oils  now  on  the  market  have  tlie  same 

•Hall  ajid  rain  fell  within  one-half  hour  after  trees  were  Bprayed  end 
at  a  time  when  trees  were  atlU  wet  with  spray. 

tHall  and  rain  seven  hours  after  nprar  had  dried  on  trees. 
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physical  comDofiltlDn  as  tar  as  tlie  frait  grower  can  determine,  yet 
there  Is  a  tremendoua  difference  Id  their  InsecUcldal  value.  Untor- 
tunately,  some  of  the  oils  sold  nnder  a  well-known  trade  name  have 
glren  good  reaultfl  one  year  and  poor  reBulta  the  next.  Unfortunately 
also  there  Is  no  standard  way  of  testing  the  Insacticldal  value  of  a 
mlsdhle  oil.  About  the  only  way  that  this  could  be  done  would  be 
to  test  out  the  oils  on  leaf-roller  eggs  incubated  In  an  lusectary 
some  time  during  the  winter.  However,  oils  that  have  a  heavy  body 
and  emulsify  well  have  usually  given  good  results. 

Summer  Contact  Sprajs — Experiments  conducted  In  1920  with 
nicotine  sulphate  showed  very  poor  results.  JnveBtigations  Immedi- 
ately after  the  application  of  nicotine  sulfate  showed  a  number  of 
larvae  completely  stuplfled  so  that  they  appeared  dead.  After  a  few 
hours  many  revived  and  seemed  none  Uie  worse  for  their  experience. 
In  the  spring  of  1922  samples  of  Derrlslne  products  were  distributed 
by  Messrs.  McDougall  &  Robertson,  Ltd.,  Manchester,  England,  and 
ground  tobacco  stems,  fortified  with  nicotine,  by  the  Hall  Tobacco 
Chemical  Company,  St.  Louis.  It  was  hoped  that  these  new  products 
might  give  some  good  results  on  the  leaf-roller.  On  May  19  and  20 
these  materials,  together  with  a  dust  known  as  Callspray  No.  1  from 
the  California  Sprayer  Company,  and  nicotine  sulfate  alone  were  tried 
out  on  a  row  of  trees  tn  the  Crawford  orchard  near  Dishman.  At  this 
time  the  larvae  were  very  small  and  were  usually  found  in  the  blos- 
soms. An  American  Beauty  duster,  also  furnished  by  the  Calltornla 
Sprayer  Company,  was  used.  The  dust  was  applied  very  liberally, 
7et  the  following  day  a  number  of  blossoms  which  showed  the  char- 
acteristic webbing  of  the  leaf-roller,  gave  the  following  results: 

TABLE  III. 
Contact  Sprays  for  Young  Larvae. 


Treatment 

Dead 

Alive 

MlBB'g 

r..., 

%Allve 

10 
16 
25 
13 
28 
18 
9 
12 

6 
0 
4 

32 
7G 
74 
93 
166 
84 
71 
77 

110 
106 

41 

9 
16 
14 

12 
23 
IS 
12 
16 

12 
16 
9 

Gl 
106 
113 

118 
216 

lis 

92 
104 

128 
120 
64 

Derrisine  1-800  and  Casein 

87. 

NicoUne  Sulfate  1-SOO  and  Soap 

Nicotine  Sulfate  1-400  and  Soap 

NIco  Dust  SH%  andCoronaDry 

Leadi,  1  lb.  6  os.  to  120  oz 

77. 
74. 

86.9 

*Lead  Arsenate,  3  Ibs.-lOO  gal. 

76.7 

Upon  examining  the  blossoms  that  showed  characteristic  webbing 
It  was  found  that  In  many  instances  the  larvae  had  disappeared. 
Whether  they  had  been  overcome  by  fumes  and  had  dropped  to  the 
ground  or  had  simply  left  to  feed  elsewhere  could  not  be  determined. 
In  all  cases  of  this  kind  the  larvae  were  reported  missing.'  It  will 
be  noted  that  all  of  the  contact  sprays  gave  uniformly  poor  results. 
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A  B«cond  application  of  the  same  materials  was  made  June  13.  At 
tUa  time  tbe  larvae  were  fully  Krown  and  quite  resistant.  The  re- 
salts  obtained  were  even  lees  encouraging  Unan  those  obtained  in  the 
May  application.  The  powdered  tobacco  atema,  although  very  irritat- 
ing to  the  operator,  seemed  to  have  little  or  no  effect  on  the  full- 
grown  larvae,  other  than  to  stupefy  them  tor  a  short  time,  even  when 
they  were  rolled  in  the  dust.  A  dnst  made  of  hydratfid  lime  and 
nicotine  sulfate  was  much  more  effective.  Larvae  rolled  In  this  dast 
were  Immediately  overcame  and  did  not  recover.  It  Is  pos«lble  that  a 
dust  with  a  higher  nicotine  content  might  give  considerably  better 
results,  but  the  cost  would  interfere  with  its  general  acceptance. 
Of  the  liquid  apraya  neither  the  nicoUne  sulfate  nor  the  Derrlaine 
can  be  considered  to  hold  any  promise  of  giving  control. 

Lead  Anenatc  Sprays— The  leaf-roller  caterplllara  seem  to  be 
remarkably  resistant  to  arsenical  sprays.  "Whether  this  is  actually 
true  or  whether  the  apray  acta  aa  a  repellent  to  the  caterpillar  to 
such  an  extent  that  it  will  not  eat  it  or  that  it  rejects  it  after  blUng 
into  It,  is  a  point  to  be  determined.  It  is  certainly  true  that  the  orl- 
nary  treatment  for  codling  moth  has  little  effect  on  the  leaf-roller. 
Fruit  growers  who  have  used  Paris  green  at  the  rate  of  six  pounds 
to  100  gallons  have  had  only  partial  success.  Thla  amount  of  Paris 
green  is  eQulvalent  to  eight  pounds  of  lead  arsenate  to  100  gallons. 
It  aeema,  therefore,  that  failure  to  control  the  leaf-roller  with  en 
araenlcal  apray  Is  not  becauae  of  an  insufficient  amount  of  poison. 

Based  on  the  idea  that  the  araenlcal  apray  might  act  as  repellents 
and  that  a  small  doaage  if  eaten  would  be  as  effective  as  a  stronger 
one,  the  following  experiment  was  conducted  in  the  R.  M.  Hanson 
orchard  near  Dlshman,  Three  tows  of  twenty-slz  trees  each  were 
selected.  The  first  was  aprayed  with  lead  arsenate  at  the  rate  of 
tour  pounds  to  200  gallons;  the  second  with  the  same  amount  of  lead 
to  which  ten  quarts  of  corn  syrup  had  been  added;  the  third  with  lead 
arsenate  used  at  eight  pounda  to  200  gallons.  The  purpose  of  tbe 
syrup  was  to  overcome  the  repellent  nature  of  the  lead  arsenate. 
Unfortunately  the  apraya  were  not  applied  before  the  calyx 
apraying  for  the  codling  moth  had  been  given.  The  leaf-roller  nests 
examined  within  a  tew  days  and  again  In  a  week  after  the  spraying 
was  completed  showed  the  following  reaulta: 

TABLE  IV. 
Arsenical  Treatments  for  Toung  Leaf-Hollers 


t™„«.. 

Allve 

Dead 

Hlss-8 

Tot»I 

65 
87 
32 

0 
3 
4 

53 
36 
35 

Load  Arsenate  1-60  and  Syrup  2^  qts.. 

76 

Since  it  was  difficult  to  determine  what  happened  to  the  lame 
that  bad  left  the  rolled-up  leaf,  this  method  of  checUng  was  con- 
sidered inconcluaive.  At  harveat  time  the  Irult  from  all  ot  the  trees 
in  each  row  waa  carefully  examined  and  all  leaf-roller  injury  noted. 
The  results  were  as  follows : 
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TABLE   V. 
Leaf-Roller  Injury  to  Apples 


t™..,„. 

E^'S'^, 

^^sir 

»^ 

Inured 

G833 

5SZ7 
66fl& 
314 

5176 

5264 
5421 
267 

657 

563 
444 

47 

L«adArs«iiate  l-60andSrrup 

Check 

15.0 

These  counts  show  that  the  addition  of  syrup  added  very  little  to 
the  efficiency  of  the  spray.  Doubling  the  doaage  gare  slightly  better 
results,  but  It  Is  doubtful  whether  the  added  3  per  cent  of  sound  trutt 
would  pay  for  the  Increased  cost  of  the  lead  arsenate. 

CoDclnslons 

1.  Baaed  on  our  present  state  of  knowledge,  the  best  treatment 
for  the  leaf-roller  Is  as  follows; 

a.  Spraying  with  a  reliable  mlsclble  oil  Just  before  the  hatching 
period  of  the  eggs. 

b.  In  cases  of  seTere  Infestations  this  spray  should  be  supple- 
mented by  an  arsenical  spray,  applied  as  soon  as  the  eggs  have  hatched. 

2.  The  use  of  lead  arsenate  In  excess  of  2  pounds  to  60  gallons 
or  the  addition  of  syrup  does  not  materially  add  to  the  efficiency  of 
the  spray. 

3.  Mlsclble  oil  sprays  when  properly  emulslfled  are  considered 
safe  to  apple  trees  unless  the  spraying  is  preceded  or  followed  by 
ezcesBlvely  cold  weather  arbitrarily  suggesting  20  degrees  below 
zero  as  minimum  temperature. 

4.  NlcoUne  dust  and  liquid  sprays  of  nicotine  sulfate  or  Derrlslne 
have  given  no  practical  control. 
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The  Cost  of  Producing  Milk 

and  Dairy  Farm  Organization  in  Western 

Washington 


IXTRODUCTIOS 

Probably  In  no  line  of  agricultural  production  has  more  intense 
reeling  developed  from  time  to  time  between  producers,  distributors 
and  consumer^  than  in  connection  wltb  tbe  production  and  dlstribM- 
tion  of  dairy  producla.  Long  and  bitter  controverBtea  over  the  prlc3 
of  milk  have  occurred  in  many  parts  of  the  Unite-V  States.  One  of 
the  greatest  handicaps  In  tlie  satisfactory  settlement  of  these  contro- 
versies lias  almost  invariably  been  the  lack  of  definite  accurate  in- 
formation regarding  the  co^t  of  producing  milk.  In  recognition  of 
this  need,  together  with  the  fact  that  dairying  is  one  of  the  most 
Important  agricultural  industries  in  Washington,  the  Experiment  Ste- 
tlon  made  this  study  of  the  cost  ol  milk  production  for  Western 
Washington  for  the  two  years  1919-1920.  Similar  studies  have  been 
or  are  being  made  In  many  leading  dairy  sections  of  the  United  States 
by  the  various  State  Experiment  Stations  and  the  U.  S.  Department  of 
Agriculture.  It  is  believed  that  wherever  these  studies  are  saf- 
ficiently  extensive  to  overshadow  seaBonal,  local  or  individual  ir- 
regularities, a  formula  showing  the  average  basic  requirements  of 
feed  and  labor  for  producing  milk  expressed  in  terms  Of  quantities 
rather  than  price  may  be  established  that  will  serve  as  a  reasonably 
safe  guide  In  all  such  controveralea.  At  any  given  time,  current 
prices  may  be  applied  to  such  formulae  to  determine  the  approzlm&te 
average  cost  of  producing  any  considerable  supply  of  rollk. 

Another  important  purpose  of  such  Investigations  Is  to  Aow 
the  consumer  what  enters  Into  the  cost  of  producing  milk.  The  con- 
Bumlng  public  is  quite  fair-minded  and  usually  willing  to  pay  the 
producer  cost  of  production  and  a  fair  living  when  It  can  learn 
with  reasonable  accuracy  what  is  the  cost.     A  wide-spread  dlssem- 
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Inatloa  oC  accurate  Inrormatlon  regardinK  the  cost  of  production 
would  do  much  to  eliminate  much  o(  the  mlsunderBtandlng  that  now 
exists. 

Probably  the  most  valuable  Indirect  benefit  of  cost  of  produc- 
tion studies  results  from  analyzing  the  records  of  Individual  farms 
to  dlflcover  any  strong  features  of  management  that  may  be  adopted 
by  others  or  to  detect  weak  features  of  management  that  may  be 
avoided.  The  coat  of  producing  milk  on  the  farms  Included  in  this 
Inrestigation  In  1919  varied  from  (1.94  per  100  pounds  on  the  best 
managed  farm  to  $4.39  on  the  most  poorly  managed  farm.  In  1920, 
the  cost  varied  from  fl.Sl  to  14.66  per  100  pounds  of  milk.  In  every 
dairy  community  there  are  some  dairymen  who  are  able  to  produce 
milk  for  less  than  half  what  It  costs  some  others  largely  because  of 
better  management.  No  producer  should  expect  the  public  to  cover 
the  cost  of  gross  mismanagement.  The  producer  who  is  running 
behind  may  derive  much  profit  from  studying  the  results  of  any  in- 
vestigation that  wUl  help  to  show  where  be  may  Improve  his  methods 
of  management.  Even  the  operator  who  produces  milk  for  less  than 
the  average  cost  will  usually  discover  by  a  careful  study  of  the  man- 
agement of  other  farms  some  superior  features  of  management  that 
be  may  Introduce  to  further  reduce  his  cost  of  production.  In  fact, 
there  are  very  few  who  manage  so  well  that  they  cannot  find  soma 
one  who  excels  them  In  some  one  feature  of  management. 

Oflneml  Plan  of  Investigation 

Since  there  were  several  cow  testing  associations  In  operation 
in  Western  Washington  during  the  period  of  this  Investigation,  keep- 
ing an  accurate  record  of  the  production  of  each  cow  both  of  milk 
and  of  butterfat  and  reasonably  accurate  records  of  the  feed  and 
pasture  consumed  by  estimates  carefully  made  each  month,  It  waa 
decided  to  limit  the  Investigation  to  members  of  cow  testing  aaaocla- 
tlons  where  conditions  of  production  fairly  represent  the  average  In 
Western  Washington.  Arrangements  were  made  to  cooperate  wllh 
Cow  Testing  Associations  In  Whatcom  County,  Snohomish  County, 
Wahkiakum  County  and  Pacific  County.  Farms  were  selected  that 
were  operated  primarily  as  dairy  farms  and  that  were  operated 
under  normal  conditions.  An  Investigator  visited  each  dairy  with  a 
complete  set  of  iblank  forms  and  secured  all  the  data  necessary  to 
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supplement  tbe  association  records  tor  detemiinins  tbe  cost  of  prod- 
uction. In  the  fall  of  1920,  records  of  the  preeedlrg  year's  1>UBines>B 
were  secured  from  91  dalr;  farms  maintaining  1502  cows  which 
produced  10,148,381  pounds  ot  milk.  In  the  fall  of  1S2],  records 
were  secured  from  81  dairy  farms  maintaining  1469  cowa  which 
produced  10,341,074  pounds  of  milk.  These  two  years'  records 
torni  the  basis  of  this  Investigation. 

The  period  covered  In  the  1919  surrey  was  January  1  to  Dec- 
ember 31  for  29  farms  In  Whatcom  County  and  20  farms  in  Sno- 
homish County;  May  1,  1919  to  April  SO,  19aO  for  12  farms  and 
August  1,  1918  to  July  31,  1919  for  21  farms  in  Pacific  County;  and 
July  1,  1918  to  June  30,  1919  (or  9  farms  In  Wahkiakum  County. 

The  period  covered  In  the  1920  surrey  was  the  same  as  in  19in 
for  22  farms  In  Whatcom  County  and  27  farms  in  Snohomish 
County;  October  1,  1920  to  Sept.  30,  1921  for  5  farms  In  Snohomish 
County;  August  1,  1920  to  July  31,  1921  for  14  farms  in  Pacific 
County;  and  Jan.  1,  1920  to  Dec.  31,  1920  for  13  farms  In  Wah- 
kiakum County. 

Areas  Studied 
The  farms  studied  were  located  principally  in  the  river  valleys 
or  adlolntng  uplands  In  Whatcom,  Snohomish,  Wahkiakum  and 
Pacific  Counties.  In  all  sections  studied  the  farms  produce  heavy 
yields  of  forage  and  are  devoted  very  largely  to  maintaining  the 
dairy  herds,  almost  exclusively  so  In  Wahkiakum  and  Pacific  Counties 
where  transportation  of  salable  crops  ia  more  difficult,  the  ralnfatl 
more  abundant  and  the  pasture  season  somewhat  longer  than  In 
Snohomish  and  Whatcom  Counties.  Table  I  shows  the  average  size 
of  farms,  the  tillable  area,  and  the  character  ot  the  pasture  land  on 
the  farms  studied  in  each  county. 

(1)  Total  Area  means  the  entire  area  operated  by  one  dairyman. 

(2)  Tillable  Area  means  the  number  of  acres  that  can  be  plowed 
and  cultivated. 

(3)  AVoods  refers  to  the  number  of  acres  in  woods  that  furnished 
some  pasture  to  the  cows. 

(4)  Stump  Tdtnd  pasture  is  land  that  had  been  slashed  and  burned 
and   provided  pasture  tor  the  milking  herd. 
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(3)  Itotatioii  Paatore  is  tilled  land  that  1b  used  entirely  by  the  milk- 
ing herd  for  pasture  one  or  more  years  during  a  rotation. 
<0)   Cropped  pasture  is  land  that  has  grown  a  crop   (1.  e.  clover, 
oats,  etc.)  and  then  is  used  to  furnish  pasture  for  the  cows. 

DesciiptloD  ot  Herda 

Ta'ble  II  shows  the  number  ot  herds  and  the  number  of  cows 
in  each  group  studied  for  1919  and  1920. 

The  breeds  and  the  quality  ol  the  cows  varied  somewhat  with 
the  location  of  the  Association,  the  kind  of  product  sold  and  Vith 
the  Importance  of  the  dairy  industry  In  the  community.  Table  III 
which  shows  the  average  quantity  of  milk  and  butterfat  produced 
per  cow  In  each  ot  the  counties  will  also  throw  some  light  upon  the 
quality  and  the  breed  of  cows  predominating  In  each  particulac 
area.  The  cows  In  Whatcom  and  Snohomish  counties  led  the  other 
groups  in  milk  production.  This  was  due  largely  to  the  predomi- 
nance of  Holstelns  and  Guernseya  and  to  a  more  Inteaslve  type  ot 
dairying  which  was  made  possible  by  better  established  markets  for 
their  products.  Most  of  the  dairymen  In  the  Whatcom,  Snohomish 
and  Willapa  Valley  Associations  (Willapa  Valley  records  tor  1919 
only)  disposed  ot  their  dairy  products  In  the  form  ot  market  milk, 
'While  the  dairymen  In  the  other  associations  (southwestern  Wash- 
ington and  Wahkiakum  County)  were  obliged  to  sell  cream  to  local 
cooperative  creameries  or  to  points  on  the  Columbia  River  In  Oregon. 
Nearly  all  of  the  cows  in  the  cream  shipping  areas  were  grade  or 
high  grade  Jerseys  and  Guernseys.  This  was  especially  true  in  the 
■Wahkiakum  Association  where  an  unusually  intensive  type  of  cream 
production  has  been  developed.  The  cream  was  entirely  sold  to  the 
local  cooperative  creameries,  each  dairyman  delivering  his  own  cream 
to  the  market.  Re'erring  again  to  Table  III  It  will  he  noticed  that 
although  the  Wahkiakum  cows  averaged  536  pounds  less  than  the 
Snohomish  cows  In  milk  production,  their  average  butterfat  produc- 
tion was  22  pounds  more;  which,  of  course,  was  due  largely  to  the 
predominance  ot  Jerseys  as  compared  with  Holstelns  in  Snohomish 
county. 

in  1919.  the  average  Inventory  values  ot  the  cows  in  the  dif- 
ferent associations  were  as  follows:  Whatcom.  1130;  Snohomish, 
J123;  Wahkiakum,  J126  and  Pacific,  JlOO,     For  1920  the  average 
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was  about  tlD  less  for  each  county  except  Pacific  where  the  average 
was  about  J20  lesB  due  to  the  fact  that  the  higher  valued  cows  tu 
the  Wlllapa  Valley  Association  were  not  included  in  the  1920  in- 
ventory for  Pacific  County, 

Basis  Used  In  Determining  Cost  of  Prodnctlon 

There  are  three  different  bases  used  by  different  investigators 
in  determining  the  cost  of  producing  milk. 

First — The  Farm  Basis.  Where  almost  the  entire  farm  Income 
is  secured  from  dairy  products,  every  expense  incurred  in  operating 
tbe  entire  farm  is  assumed  to  t>e  an  expense  of  operating  the  dairy 
and  all  receipts  other  than  for  milk  and  its  products  including  all 
crops  sold  are  subtracted  from  the  gross  cost  of  operating  the  farm 
to  determine  the  net  cost  of  producing  milk.  This  basis  is  satis- 
factory where  everything  Is  concentrated  upon  milk  production  but 
tbe  milk  produced  on  such  highly  specialised  dairy  farms  forma  so 
small  a  percentage  of  the  total  production  that  the  "Farm  Basis"  Is 
impractical. 

Second — The  Herd  Basis.  Some  Investigators  assume  that  the 
primary  purpose  of  maintaining  a  dairy  herd  Is  for  the  production  of 
milk.  Under  this  assumption  all  the  expense  Incntred  In  maintain- 
ing dairy  stock  of  all  ages  Is  treated  as  an  expense  of  producing  milk 
and  all  receipts  other  than  from  the  sale  of  milk  and  Its  products 
including  receipts  from  sale  of  young  stock  are  subtracted  from  the 
grross  cost  of  operating  the  herd  to  determine  the  net  cost  of  produc- 
ing milk.  The  production  of  crops  Is  treated  as  an  iadependent  busi- 
ness, all  farm  feed  being  charged  to  the  dairy  at  Its  market  value  on 
the  farm,  those  crops  having  no  established  market,  like  silage  or 
roots,  being  charged  at  their  feeding  value  as  determined  by  compari- 
son with  salable  products.  This  basis  of  determining  the  cost  of  milk 
production  Is  satisfactory  where  the  herd  Is  maintained  solely  tor  the 
production  of  milk,  but  so  large  a  percentage  of  the  country's  milk 
supply  Is  produced  on  farms  where  tha  receipts  from  milk  and  Its  pro- 
ducts do  not  constitute  more  than  half  or  two-thirds  the  total  dairy 
receipts  that  this  basis  is  not  applicable  widely  enough  to  Justify  its 
use.  In  cases  where  tbe  production  of  stock  proves  particularly  profit- 
able, the  cost  of  producing  milk  might  be  reduced  to  a  very  low  point 
or  even  be  eliminated  by  treating  the  receipts  from  livestock  as  milk 
production  receipts. 

II 
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Third— The  Cow  Baais.  Uader  this  basis  the  producing  lieri', 
consisting  of  all  mature  cows  and  the  herd  sire,  a'e  considered  tb" 
unit.  A  heifer  Is  charged  to  the  producing  herd  as  soon  as  she  drops 
her  first  caK  and  all  coats  incurred  in  her  maiutenance  thereafter 
until  she  dies  or  is  sold,  whether  producing  or  dry.,  are  charged  lo 
milk  production.  Every  product  of  the  farm  need  *>y  the  produclni: 
herd  is  charged  to  milk  production  at  Its  market  value  at  the  farm, 
regardless  of  what  It  may  have  cost  to  produce  )t.  The  value  of 
calves  at  birth  Is  credited  to  milk  production,  since  the  maintenancp 
of  the  dam  during  pregnancy  and  the  sire  has  beeu  charged  to  milk 
production,  but  the  development  of  the  young  animals  after  birth  is 
considered  a  separate  Business.  This  method  of  determining  the  co.-t 
of  milk  production  is  the  most  generally  applicable  and  Is  the  one  fol- 
lowed in  this  investigation. 

Factors  of  Cost 

The  various  items  enlering  Into  the  cost  of  producing  milk  have 
been  assembled  under  certain  heads  designated  "Factors  of  Cost"  ami 
are  treated  In  the  following  paragraphs. 

Feed.  An  estimate  and  record  of  the  feed  consumed  by  eaih 
cow  was  made  each  month  by  the  cow  tester  with  the  aid  of  tbr 
dairymen.  Purchased  feed  was  charged  at  the  puvcbase  price  pl'.:- 
«ost  of  delivery.  Home  grown  feeds  were  charged  at  their  farm  valu'' 
(market  value  less  cost  of  hauling  to  town.)  Pasture  values  we:.- 
computed  on  the  l)asls  of  what  it  would  cost  to  rent  pastures  in  tJ ' 
locality.  In  some  sections  the  cows  run  out  practically  the  entii 
year,  but  the  pasture  charge  Includes  only  those  months  in  which  iJi- 
cows  secure  an  appreciable  amount  of  feed.  The  pasture  chat"- 
corresponds  quite  closely  to  a  five  per  cent  interest  charge  on  tl;^' 
land  used  for  pasture  only.  Table  IV  shows  the  average  values  of 
feed  and  pasture  for  different  counties  as  used  In  this  Investlgalion. 

The  grain  ratiou  was  practically  all  purchased  and  conslste'I 
quite  generally  of  bran,  mill  run  or  shorts  supplemented  by  hon  " 
grown  oats  and  peas  in  Snohomish  and  Whatcom  Counties.  A  ft"' 
dairymen  used  a  small  amount  of  patent  dairy  feeds,  oil  meal,  cot^i 
meal  and  iiiolaases.  The  average  cost  of  the  grain  rr^tlon  per  ton  for 
the  different  counties  varied  from  {44.05  to  151.14  In  1919.  and  from 
J^l.SO  to  {56.20  In  1920.  This  variation  was  due  largely  to  the  vari- 
ation in  relative  aniounts  of  cheaper  or  of  higher  priced  feeds  wliiiM 
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composed  the  ration.  About  tbree-fourthe  of  the  total  hay  conBUDi<^<l 
by  all  cowB  was  borne  grown  and  consisted  principally  of  clover  and 
grasaee.  The  SnobomiBh  County  farms  purchased  the  greatest 
amount  of  hay  although  some  hay  was  purchased  In  each  of  the  other 
counties.  The  purchased  hay  eonslated  almost  entirely  of  alfalfa  im- 
ported from  irrigated  dlatricta.  Home  grown  hay  was  estimated  ai 
from  (18  to  92i  per  ton  while  purchased  hay  ranged  from  f  20  to  (40 
per  ton,  only  a  small  percentage  of  the  bay  being  valued  at  The  higher 
rates  as  the  average  in  Table  IV  would  Indicate.  As  shown  in  Table 
VII.  the  average  feed  cost  per  cow  for  the  two  years  In  each  of  the 
four  counties  varied  from  $73.30  In  Pacific  County  to  (116.17  in 
Whatcom  County. 

It  will  be  noted  In  Table  VIII.  that  Pacific  County  has  the  longest 
pasture  season  and  uses  the  smallest  quantity  of  coucentratee.  Thiii 
Is  due  to  greater  rainfall,  a  longer  growing  season  and  a  less  Intec- 
slve  type  of  dairying  which  results  partly  from  greater  Inaccessl- 
bllity.  It  wilt  also  be  noted  under  Pacific  County  in  the  same  tabic 
that  there  was  a  consideratile  dropping  off  in  the  amount  of  grain, 
hay  and  succulents  consumed  the  second  year  and  a  considerable  in- 
crease in  the  pasture  season.  This  Is  explained  by  the  fact  that  tii« 
first  year's  investigation  included  the  Willapa  Valley  Association, 
where  dairying  was  more  specialized.  These  dairy  farms  sold  milk 
entirely,  had  higher  producing  cows  and  more  hay,  grain  and  Bu-:r- 
culents,  but  had  a  much  shorter  pasture  season  than  the  members  of 
the  Southwestern  Washington  Association.  The  abundance  of  cheap 
pasture  in  the  small  river  valleys  and  on  tide  lands  in  the  area  of  the 
latter  association  did  much  to  reduce  the  annual  feed  cost  per  cow. 
As  previously  stated,  the  members  of  the  Southwestern  Washington 
Association,  due  to  poorer  marketing  facilities.  Were  compelled  to  seil 
cream.  Returns  from  marketing  cream  under  conditions  existing  in 
this  area  could  not  begin  to  compare  with  the  profits  made  in  the  dis- 
tricts where  market  niilk  could  be  sold.  Hence  these  dairymen  ap- 
parently were  not  encouraged  to  Increase  their  average  productinr. 
per  cow  by  heavier  feeding  of  grain  and  hay,  which  accounts  largely 
for  the  comparatively  poor  production  per  cow  In  this  area.  As  w)il 
be  seen  by  the  average  teat  (Table  III),  Jerseys  and  Guernseys  pre- 
dominated in  the  Southwestern  Washington  Association  while  in  th« 
Willapa  Valley  Association  and  in  the  other  associations  where  mlU 
was  sold  almost  entirely,  the  Holstein  breed  predominated. 
14 
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Wahkiakum  County  shows  a  greater  feed  consumption  per  cow 
(Table  VIII)  in  1920  than  in  1919,  but  about  a  one-half  month 
shorter  pasture  season,  irhlch  is  largely  accounted  for  by  the  poorer 
pasture  aeaeon  In  1920,  and  an  effort  to  maintain  the  production  by 
heavier  feeding.  Similar  reasons  will  account  for  the  annual  vari- 
ation in  the  amount  of  feed  and  pasture  consumed  by  the  Whatcont 
and  Snohomish  County  herds. 

Bedding.  Many  farms  use  only  the  residue  from  hay  or  other 
roughage  to  bed  the  cows,  in  which  case  no  aeparatct  charge  has  been 
made  for  bedding.  Some  dairies  buy  sawdust  and  others  buy  straw 
for  bedding  which  la  charged  to  milk  production  at  cost.  Where  by- 
products of  the  farm  are  used  they  are  charged  at  what  they  would 
sell  for  on  the  farm  if  salable.  The  separate  charge  for  bedding  as 
shown  in  Table  V  was  comparatively  small  and  varied  from  $.03 
per  cow  In  Wahkiakum  County  to  $3.44  per  cow  In  Whatcom  County. 

Labor.  The  labor  organization  on  the  western  Washington 
dairy  farms  varied  somewhat,  depending  upon  the  size  of  the  dairy 
herds  and  the  degree  of  specialization  practiced.  On  the  smaller  anJ 
on  the  less  specialized  dairy  farms,  the  work  Is  doue  to  a  large  ez' 
tent  as  chores  by  members  of  the  family  who  spend  a  large  port'on 
of  the  day  caring  for  crops.  On  the  larger  and  on  the  more  special- 
ized dairy  farms,  the  dairy  work  constitutes  full-time  work  for  one  or 
more  men.  In  this  Investigation,  the  amount  of  work  devoted  to  the 
dairy  was  carefully  estimated  by  the  farmer.  Since  the  amount  of 
time  devoted  to  the  dairy  day  by  day  is  quite  regular.  It  Is  believed 
that  these  estimates  are  quite  reliable,  particularly  on  the  more  spec- 
ialized farms. 

Hired  labor  was  charged  at  cost  while  family  labor  was  com- 
puted at  the  normal  rate  p3.1d  for  such  labor,  including  board,  whtcli 
was  $100  per  month  or  thirty-three  and  one  third  cents  per  hour  In 
1919  and  thirty  centa  in  1920.  Labor  done  by  children  was  charged 
at  what  it  would  have  cost  to  do  the  same  work  with  mature  men. 

Table  VIII  shows  the  number  of  hours  of  mau  labor  required 
per  cow  and  per  100  pounds  of  milk  to  produce  milk  and  deliver  it 
to  the  marketing  or  transportation  point  in  each  of  the  four  counties;. 
It  will  be  noted  that  the  Snohomish  and  the  Whatcom  County  herds 
show  an  increased  labor  cost  per  cow  of  thirteen  and  eleven  hours 
respectively  in  1920  compared  with  1919,  yet  the  increase  In  the 
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average  production  per  cow  (Table  III)  was  eurricfent  lo  reducu 
slightly  the  number  ot  hours  of  labor  required  to  produce  100  pounds 
o!  milk.  The  comparatively  large  amount  ot  man  labor  required  lo 
produce  100  pounds  ol  milk  in  Pacitic  County,  especially  tbe  sec- 
ond year,  was  due  to  tbe  large  amount  of  time  spent  In  delivering  the 
cream  to  the  marketing  point  and  to  a  poorer  average  production  por 
cow.    The  same  was  true  to  a  large  extent  In  WabViakum  County. 

Horse  labor  was  charged  directly  against  milk  production  a*, 
twenty  cents  per  hour  In  1S19  and  fifteen  cents  per  bour  In  liZH 
when  horses  were  used  directly  in  the  production  of  milk,  e.  g.,  haul- 
ing milk  or  cream  to  tbe  collecting  stand,  the  creamery  or  othei' 
initial  collecting  point.  Home  grown  feeds  were  charged  to  the  cows 
delivered  In  tbe  barn  and  manure  was  credited  to  the  cows  at  th^ 
barn,  so  the  amount  of  direct  horse  labor  charged,  as  shown  in  TabU 
V,  was  very  low  varying  from  an  average  of  $.20  per  cow  in  Sniv 
homiefa  County  to  (1.51  per  cow  in  Wahkiakum  County. 

The  Sire.  In  dairies  where  sires  were  kept,  the  charge  for  sire 
service  includes  seven  per  cent  interest  on  a  fair  inventory  value  of 
the  sire,  depreciation,  feed,  labor,  equipment  used  in  his  care,  shelter. 
taxes,  veterinary  service  and  registration  fees,  lees  credits  receivt'd 
from  outside  service  and  manure.  Very  little  revenue  was  derived 
from  outside  aire  service,  however,  since  nearly  all  tbe  dairymen  in 
the  localities  studied  kept  their  own  aires.  Any  decrease  in  the 
sire  inventory  at  the  end  of  the  year  became  tbe  charge  for  depreci- 
ation, white  if  tbe  final  Inventory  showed  an  increase,  the  aire  enter- 
prise was  credited  with  the  amount  of  the  appreciation.  The  average 
cost  of  sire  service  in  each  area  is  shown  in  Table  V.  On  the  Indi- 
vidual farms  where  sires  were  kept,  the  cost  of  sire  service  variea 
from  t2.2T  to  (£3.82  per  cow. 

Bnildins  Service,  The  cost  ot  building  service  is  probably  the 
most  difficult  of  a)l  to  determine  accurately  because  the  buildines 
vary  so  widely  in  size,  construction  and  condition;  the  cost  of  con- 
struction is  known  In  so  few  cases,  and  they  are  used  for  such  a 
variety  of  purposes  in  many  cases.  Tbe  use  of  all  buildings  and  paJ< 
docks  that  contributed  to  the  operation  of  the  dairy,  including  silos, 
milk  houses  and  manure  sheds,  was  Included  in  the  cost  of  buildlnc 
service  and  charged  against  milk  production.  The  portion  to  charp  ■ 
against  the  cows  was  determined  by  pro-rating  the  annual  cost  oteaih 
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building  according  to  the  number  of  animal  units  served.  One  cow, 
one  horse,  or  two  head  of  young  stock  were  considered  an  animal 
unit.  The  annual  cost  of  buildings  Includes  depreciation,  six  per  cent 
interest  on  the  Inventory  value,  taxes,  insurance  and  repairs.  De- 
preciation was  determined  by  dividing  the  inventory  value  of  each 
building  by  the  estimated  number  of  years  it  would  last.  Taxes  and 
insurance  were  based  on  the  rates  used  in  the  locality.  The  barn- 
yard or  paddock  charge  Includes  six  per  cent  interest  on  the  esti- 
mated value  of  the  area  plus  taxes.  Tbe  charge  per  cow  for  the  usu 
of  buildings  varied  on  individual  farms  from  t3.74  to  t27.11.  Table 
V  shows  the  two-year  average  charge  for  the  use  of  buildings  fox' 
each  area  studied. 

Equipment,  The  charge  for  the  use  of  equipment  includes  seven 
per  cent  interest  on  the  inventory  value  and  depreciation  and  repairs 
on  all  equipment  that  contributed  directly  to  the  production  and  pre- 
paration of  milk  and  buttertat  tor  market,  including  milk  pans,  pall^, 
strainers,  cooler,  separator,  milking  machine,  engine  lor  separator  or 
milking  machine,  wagon  or  special  conveyance  for  hauling  milk  or 
cream,  scales,  feed  grinder,  barn  tools  and  veterinary  instrument';. 
Depreciation  was  determined  for  each  important  piece  of  equipment 
by  dividing  its  inventory  value  by  the  estimated  number  of  years  It 
would  last.  The  repair  charge  was  what  the  dairyman  actually  paM 
out  during  the  year.  Table  V  shows  that  in  the  two-year  average  the 
charge  for  the  use  of  equipment  varied  from  (2.47  per  cow  in  Sno- 
homish County  to  (4.29  In  Wahkiakum  County. 

Current  Expenses.  This  heading  includes  all  miscellaneous  €x~ 
penditures  on  the  milhing  herd  not  otherwise  classified,  veterinary 
fees  and  medicine,  breeding  tees,  cow  testing  fees,  board  Of  cow 
testers,  disinfectants,  electric  light  and  power,  gasoline  for  dairy 
engines  and  whitewashing.  The  exact  cost  of  these  various  items 
was  used  wherever  the  data  were  available  and  In  other  eases  waa 
estimated  as  accurately  as  possible.  The  average. charge  for  current 
expenses  in  each  area  is  shown  in  Table  V. 

The  Herd.  For  purposes  of  this  investigation,  all  mature  cows 
were  considered  a  part  of  the  herd  from  the  lime  they  first  came  into 
production  until  they  were  sold  or  died,  whether  raised  or  purchased. 
If  raised  on  the  place,  they  were  charged  to  the  herd  at  a  fair  valu- 
ation at  the  time  of  dropping  their  first  calf.  If  purchased,  they 
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were  charged  to  the  herd  at  purchase  price.  However,  It  calves  or 
growing  heifers  were  purchased,  the?  were  treated  like  calves  bom 
oa  the  place  and  charged  to  the  herd  upon  dropping  their  first  calf. 
After  they  were  introduced  Into  the  herd,  all  expenses  incurred  tn 
their  maintenance  thereafter,  whether  milking  or  dry,  were  charged 
to  milk  production. 

The  "herd  cost"  Includes  interest,  taxes  and  depreciation. 
Practically  none  of  the  farmers  carried  insurance,  so  this  item  wa; 
omitted.  Seven  per  cent  interest  was  charged  on  the  inventory  value 
of  the  cows.  Taxes  varied  somewhat  with  the  locality  and  were  con  - 
piled  at  the  current  rates  from  data  furnished  by  the  assessors  of  the 
four  counties.  Taxes  averaged  about  one  and  one  half  per  cent  on 
the  full  valuation. 

If  the  inventory  value  of  the  cows  in  a  given  herd  at  the  end 
of  the  year,  plus  receipts  from  cows  sold  during  the  year,  was  less 
than  the  Inventory  value  at  the  beginning  of  the  year  plus  the  value  of 
the  cows  purchased  and  holfera  introduced  during  the  year,  the  dif- 
ference was  considered  the  depreciation  charge  for  the  herd.  If 
greater,  the  difference  was  included  under  "Credits  Other  than  Milk" 
as  "Appreciation."  As  nearly  as  possible,  the  year-end  Inventories 
were  made  to  show  the  actual  decrease  or  Increase  In  producing 
value,  assuming  the  cattle  market  to  remain  the  same.  The  depreci- 
ation includes  losses  by  death,  decrease  in  the  value  of  cows  still 
retained,  and  losses  due  to  selling  cows  for  beef  at  less  than  their 
Inventory  value  at  the  beginning  of  the  year.  The  "Interest  and 
Taxes"  and  "Depreciation"  on  cows  may  be  found  In  Table  V. 

Cash  >litrketi»g  Costs.  A  targe  proportion  of  the  milk  and 
cream  was  collected  on  milk  routes  at  from  tea  cents  to  thirty-five 
cents  per  100  pounds  of  milk  and  from  one  to  two  cents  per  pound 
tor  butter  fat.  The  cash  marketing  cost,  as  shown  In  Table  V.  rep- 
resents the  actual  amount  of  cash  the  dairyman  paid  tor  getting  hij 
product  to  the  market.  The  cost  per  100  pounds  of  milk  was  ob- 
tained by  dividlni;  the  total  amount  thus  paid  by  all  dairymen  in-  . 
eluded  in  this  Investigation  by  the  total  hundred-weight  of  mlk  pro- 
duced. The  cost  per  cow  was  obtained  by  dividing  the  total  cash 
thus  paid  by  the  total  number  of  cows  on  all  farms  studied. 

If  the  dairyman  delivered  his  products  direct  to  the  market  or 
to    the  assembling  point,    it   was  considered   a   non-cash    cost   and 
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taken  care  of  hy  the  labor  charged  to  milk  production.  The 
majority  of  the  farms  studied  in  Pacific  and  Wahkiakum  Counties 
were  not  served  by  a  milk  route  and,  therefore,  were  required  to 
deliver  their  owd  products  to  the  local  creamery  or  to  the  marketing 
point. 

Use  of  Car.  When  an  automobile  was  used  to  deliver  the  milk, 
haul  teed  or  In  any  other  way  to  serv«  the  dairy,  an  estimate  was 
made  as  to  the  extent  to  which  It  was  used  for  dairy  purposes.  The 
average  charge  per  cow  and  per  IDO  pounds  of  mttk  tor  use  of  car, 
shown  in  Table  V,  was  obtained  by  dividing  the  total  charged  for  use 
of  car  on  all  farms  studied  by  the  total  number  of  cows  kept  and  thu 
total  hundred-weight  of  milk  produced  respectively. 

Credits  Other  Than  Milk 

The  gross  cost  of  producing  milk  was  reduced  somewhat  by  the 
following  credits  other  than  milk,  as  shown  In  Table  V. 

Mannre.  Manure  recovered  at  the  barn,  as  estimated  by  the 
farmer,  was  credited  to  the  dairy  In  all  cases  at  f  1.60  per  ton  in  1919 
and  fl.OO  per  ton  in  19Z0.  It  was  believed  that  these  rates  repre- 
sented a  fair  value  for  the  manure  utilized  with  average  Intelligence 
for  the  production  of  crops  on  a  dairy  farm.  A  failure  of  the  farmer 
to  utilize  the  manure  with  average  intelligence  after  the  cows  have 
produced  it  is  believed  to  be  no  fault  of  the  dairy  nor  Is  the  gain 
secured  by  occasional  exceptional  uses  of  the  manure  believed  to  bo 
properly  credited  to  milk  production. 

Calves.  Calves  were  credited  to  the  dairy  at  what  they  would 
bring  a.t  four  days  of  age  on  the  basis  of  grade  stock,  whether  sold  or 
retained,  such  value  ranging  from  fl  to  fS  each. 

Hides.  Cow  and  calf  hides  were  credited  to  the  dairy  at  what 
they  "brought. 

Sacks.  In  some  cases  sacks  accumulate  in  considerable  numbers 
where  feed  Is  purchased  and  these  were  credited  to  the  dairy  at  their 
market  value  as  second-hand  sacks. 

Apprecbilion.  Whenever  the  inventory  value  of  all  the  cows  in 
a  herd  on  hand  at  the  end  of  the  year,  plus  the  receipts  from  the  sale 
ol  cows  during  the  year,  exceeded  the  value  of  the  cows  on  hand  at 


D.n.iized  by  Google 


the  beginnlDg  of  the  year  plus  the  value  ot  covs  purchased  aud 
hellers  Introduced  Into  the  herd  during  the  year,  the  dirterence  wa« 
Included  In  "Credits  other  than  milk"  as  "Apprecle Uon." 

GroM  and  Net  Cost  of  Prodnclug  Milk 
The  sum  of  all  the  cost  ractore  constltuteB  the  gross  cost  of  pro- 
ducing milk  or  the  "total  operating  coat"  and  is  shown  far  each  coun- 
ty studied  and  for  all  counties  averaged  together  In  Table  V.  The 
"Total  Operating  Cost"  minus  the  "Total  Credits  Other  than  Milk" 
leaves  the  "Net  Cost  of  Production,"  as  shown  in  the  last  two  lines  oi 
Table  V. 

It  wilt  be  seen  that  the  final  average  net  cost  nt  100  pounds  of 
milk  for  the  two  years  for  all  counties  studied  was  {2.84  and  thsi 
the  county  averages  do  not  vary  markedly  from  the  general  average, 
the  greatest  departure  from  the  general  average  being  sixteen  cents 
per  100  pounds  of  milk  in  Wahkiakum  County,  while  two  counties, 
Whatcom  and  Pacific,  vary  only  three  cents  form  the  general  average. 
Table  VI  shows  the  per  cent  of  the  total  cost  represented  hy  each  Iteij 
of  cost,  as  shown  in  Table  V,  for  each  county,  and  lor  all  counties 
averaged  together  tor  the  two  years.  All  costs  are  grouped  into  feed, 
labor  and  other  costs  in  Table  VII.  It  will  be  noticed  that  although 
the  relative  proportion  of  grain,  silage  and  pasture  vary  considerably 
in  different  counties,  as  shown  In  Table  V,  the  perecentage  of  total 
cost  represented  by  feed  in  each  case  runs  fairly  uniform,  as  shown 
in  Section  B,  Table  Vll;  the  average  for  all  counties  being  *7.3<  per 
cent  of  the  net  cost.  As  might  be  expected,  the  feed  representa  a 
lower  percentage  ot  the  total  cost  In  Pacific  and  Wahkiakum  counties 
than  in  Snohomish  and  Whatcom  counties,  due  partly,  to  the  longei' 
pasture  season  and  partly  to  a  less  intensive  type  Ot  dairying  prac- 
ticed where  the  dairymen  are  forced  to  sell  cream  to  creameries.  It 
will  be  noted  on  the  laat  line  of  the  table  that  when  the  coat  of  feed 
and  labor  is  combined  it  represents  76.52  per  cent  of  the  net  cost 
when  all  counties  are  averaged,  and  that  the  several  counties  vary 
only  slightly  from  the  general  average.  This  would  seem  to  indicate 
that  In  any  of  the  localities  studied  or  in  localities  where  conditions 
are  similar,  the  cost  ol  teed  and  labor  could  he  assumed  to  represent 
three-fourths  ot  the  net  cost  with  reasonable  accuracy. 
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BmIc  Coat  Fonnnla 

In  order  to  make  it  possible  to  compute  the  probable  coat  of 
producing  milk  at  any  given  time,  Table  VIH  ia  arranged  to  show  the 
amount  of  feed  and  iaiwr  required  per  cow  per  annum  and  per  100 
pounda  of  milk  for  each  count;  and  for  all  countiea  averaged.  It  vlll 
be  noted  that  the  amounts  of  given  Ingredienta  vary  when  different 
counties  and  different  years  are  compared  witti  the  general  averago 
but,  aa  shown  in  Table  VII,  the  aggregate  cost  tor  feed  and  labor 
approximates  very  cioaely  75  per  cent  of  the  net  coat  in  each  caae. 
It  will  be  seen  from  Inspection  of  the  column  showing  the  weighted 
average  cost  per  hundred  weight  of  producing  milk  that  it  requires 
17.7  lbs.  of  grain,  3S.2  lbs.  of  tmj,  47.1  lbs.  of  snccnlents,  8.1  dafs 
of  pasture  and  2.3  hours  of  man  labor  to  produce  100  lbs.  of  milk. 

To  Illustrate  how  the  formula  may  be  used,  let  us  assume  that 
at  a  given  time  grain  Is  worth  ISB  per  ton.  hay  »15  per  ton,  succulents 
t5  per  ton,  pasture  (.10  per  day.  man  ia'bor  |.25  per  hour. 

Using  these  prices,  the  problem  would  be  solved  as  follows; 

IT.T  lbs.  grain  @  f  25  per  ton $.22 

38.2  Iba.  hay  @  |15  per  ton 29 

47.1  lbs.  succulents  @  |5  per  ton 13 

3.1  days  pasture  @  $.10  per  day 31 

2.3  hrs.  of  labor  @  $.25  pe  rhr 58 

Total  for  feed  and  labor $1.52 

$1,52  divided  by  ,7552  equals  $2.01.  the  approxlnialc  average 
cost  of  producing  100  pounds  ot  milk  under  price  conditions  stated. 

It  must  be  borne  In  mind  that  this  basic  formula  is  an  average 
for  the  production  of  a  considerable  quantity  of  mt"i  and  is  believed 
to  be  approximately  correct  only  when  applied  to  the  production  of 
a  considerable  number  of  herds  maintained  under  conditions  simllai 
to  those  prevailing  In  the  dairy  sections  Included  in  this  study.  The 
price  would  be  too  high  when  applied  to  the  more  vuccessful  dairies 
and  too  low  when  applied  to  the  unsuccessful  ones  but  should  ap- 
proximate the  average  cost  for  an  entire  district  very  closely.  It 
should  be  noted  also  that  to  apply  at  any  given  tiii-e  and  place  with 
reasonable  accuracy  the  relative  price  oC  the  various  cost  factors 
should  bear  the  aanie  relation  to  each  other  tha'  they  do  in  this 
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Btudy.  The  percentage  of  the  net  cost  represented  by  feed  and  laboT, 
76.52,  would  not  be  correct  it  tbe  price  of  one  or  more  of  the  essentitil 
tactore  at  coat  should  rise  or  tall  much  more  Id  pmportlon  than  ihc 
prices  ot  the  other  tactors. 

la  Tal)le  IX  the  same  data, are  tabulated  to  show  the  duantitl^R 
of  the  ingredients  required  per  cow  per  year  for  the  production  of 
100  pounds  of  milk  and  for  the  production  of  one  pound  of  l)utter 
fat  on  farms  Belling  mlllc  and  on  farms  selling  crearo.  It  is  interent- 
1ns  to  note  that,  with  the  exception  of  the  farms  selling  milk  In  tho 
year  1920,  the  total  feed  and  labor  cost  represent  slightly  over  lB<'/e 
ot  the  net  cost  In  each  case. 

Table  X  shows  the  average  production  of  milk  and  butter  fal 
^r  cow  each  year  on  farms  selling  milk  and  on  farms  selling  cream; 
It  will  be  noted  that  the  average  production  on  taima  selling  milk 
was  considerably  higher  than  on  farms  selling  cream.  This  Is  tho 
normal  situation,  the  whole  milk  business  usually  resulting  in  a 
somewhat  more  Intensive  type  of  dairying,  than  the  production  of 
cream  for  creameries.  Although  feed  and  labor  constitute  practic- 
ally the  same  percentage  of  the  net  cost  in  each  case,  the  higher 
values  for  both  feed  and  labor  that  prevail  in  tbe  more  intensive 
dairy  sections  will  result  In  a  higher  net  coat  ot  production  in  apply- 
ing the  formula,  which  ia  the  result  that  should  be  expected. 

Table  X 
Average  Production  Per  Cow  Per  Year  on  Farms  Selling  Milk  and  on 

Farms  Selling  Cream. 


1930 
Average 

7701       318 
1    7455   1    314 

e047 
6043 

279 
296 

287 

Chart  I  Is  a  graphic  representation  ot  the  distribution  ot  c 

Production,  (^osts  and  Profits 
Dairymen  are  concerned  wllh  profits  In  the  final  analysis.  Tabl? 
IX  Is  arranged  to  show  the  value  of  product,  the  net  cost  per  cow, 
the  price  paid  per  pound  ot  butter  fat  and  the  profit  per  cow  for 
each  county  each  year  studied.  It  will  be  noted  that  the  average 
profits  per  cow  were  fair  in  all  counties  studied  except  Pacific  County. 
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where  there  was  a  loae  of  (1.00  per  cow  m  1919  In  the  district  selling 
whole  milk  aod  a  loss  of  (1*  per  cow  In  1919  in  the  district  sellin;:; 
cream.  It  Is  only  fair  lo  state  that  in  1919,  the  producers  oF  whole 
milk  were  forced  to  buy  considerably  more  hay  than  usual  and  were 
obliged  to  sell  much  of  their  whole  milk  to  a  cheese  factory  at  con- 
siderably less  than  the  normal  price  for  milk.  In  1920,  the  year 
covered  In  this  study  ended  later  in  this  area  than  lu  any  other  area 
studied  and  Included  a  period  of  very  low  prices,  which  brought  the 
average  down  to  forty-nine  cents  per  pound  for  butterfat  or  con- 
blderably  less  than  that  received  in  any  other  district.  This  low  price 
is  doubtless  one  ot  the  causes  for  the  average  loss  of  tl4  per  head  In 
the  district  that  showed  an  average  profit  of  f28  per  head  in  1919. 

A  tabulation  ot  all  the  Individual  herds  In  all  the  counties  stu- 
died, which  is  too  voluminous  to  print  In  this  bulletin,  shows  eigh- 
teen herds  producing  at  a  profit  and  tour  herds  producing  at  a  loss  in 
Whatcom  County;  five  herds  producing  at  a  profit  and  nine  herds 
producing  at  a  loss  in  Pacific  County;  .thirteen  herds  producing  at  a 
profit  and  nlnteen  herds  producing  at  a  loss  in  Snohomish  County; 
and  thirteen  herds  producing  at  a  profit  and  no  herds  producing  at  a 
loss  in  Wahkiakum  County. 

Many  are  puzzled  to  know  why  so  many  dairymen  produce  at  a 
loss  or  for  such  low  profits  and  still  continue  to  follow  dairying.  The 
fact  is  that  In  many  cases  the  labor  ia  performed  largely,  It  not  en- 
tirely, by  the  family  and  the  property  contributing  to  the  production 
of  milk  is  clear  of  Indebtedness  In  whole  or  in  part  so  that  a  large 
part  of  the  expense  that  correctly  enters  into  the  cost  of  production 
is  not  actually  paid  out  by  the  dairyman. 

To  lllustrate-^suppose  a  dairyman  has  flO.OOO  invested  in  his 
farm  and  dairy.  The  family  do  work  worth  f  1,600  at  current  rates. 
In  calculating  the  results  of  his  dairy  operations  the  business  is 
charged  with  il,500  for  labor  and  (600  interest  on  the  (10,000 
investment.  The  complete  calculalione  show  a  loss  of  (600  in  the 
operation  of  the  dairy.  Not  paying  out  any  money  for  labor  per- 
formed by  his  family  or  any  Interest  on  the  money  he  has  invested, 
the  dairyman  has  (1,600  plus  (600,  or  (2,100.  with  which  to  cover 
the  (500  loss,  pay  the  living  expenses  of  his  family  and  add  to  his 
savings.  Although  in  this  case  Ibe  family  would  lack  (SOO  of  receiv- 
ing as  much  as  though  they  worked  out  tor  regular  wages  and  loaned 
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their  mone;  at  6%  interest,  It  is  not  uncommon  to  tind  famllieB  that 
will  live  with  Buch  frugality  under  auch  circumstaDcee  that  they  are 
actually  able  to  lay  up  a  little  moner  each  year.  This  does  not  in- 
dicate that  the  cost  ol  prc»duclng  milk  has  been  tlgured  too  high,  but 
It  does  show  the  dogged  determination  to  succeed  that  1b  posseased 
by  Bome  families. 

Variations  ill  Net  Cost 
Table  XII  BhoWB  the  volume  of  milk  produced  at  different  net 
costs  per  100  pounds  of  milk  In  all  counties  studied.     Chart  11  Is  a 
graphic  representation  of  the  same  informatiou. 

Table  xn 

Volume  of  Milk  Produced  at  Different  Net  Costa  Per  100  lbs.  of  Milk 
in  All  Counties  Studied. 


Cost 

Groups 

Average 

Quantity 

Per  Cent 

Cumulative 

Coat 

Produced 

of  Total 

Per  Cent 

Below 

»2.00 

(1.94 

116,931  lbs 

1.15% 

1.15% 

fZ.Ol 

2.20 

2.08 

565,484  lbs 

6.57 

6.72 

2.21 

2.40 

2.32 

792.162  lbs 

7.80 

14.52 

2.41 

2.60 

2.53 

2,286.421  lbs 

22.54 

37.06 

2.61 

2.80 

2.72 

1,493.055  11)8 

14,72 

51.76 

2.81 

3.00 

3.92 

1.669,500  lbs 

15.47 

67.35 

3.01 

3.20 

3.12 

840.164  lbs 

8.28 

75.53 

3.21 

3.40 

3.39 

979,089  lbs 

9. 66 

85.18 

3.41 

3.60 

3.48 

670.859  IbB 

6.61 

91.79 

3.61 

3.80 

3.64 

69,828  lbs 

.68 

92.47 

3.81 

4.00 

3.88. 

427,657  lbs 

4.21 

96.68 

4.01 

4.20 

4.09 

233.671  lbs 

2.30 

98.98 

4.21 

4.40 

4.39 

103,560  lbs 

1.02 

100.00 

4.41 

4.60 

1930 

Coat 

Groups 

Average 

Quantity 

Per  Cent 

Cumulative 

Coat 

Produced 

of  Total 

Per  Cenf 

Below 

12.00 

»1.84 

342,490  lbs 

3.31% 

3.31% 

S2.00 

2.20 

3.10 

937,294  Ibe 

9.06 

12.37 

2.21 

2.40 

2.34 

1,156,933  lbs 

11.19 

23.66 

2.41 

2.60 

2.46 

1.313.596  lbs 

12.70 

36.26 

2.61 

2.80 

2.73 

1.714,361  lbs 

16.68 

52.84 

2. SI 

3.00 

2.87 

1,432,736  Iba 

13.86 

66.70 

3.01 

3.20 

3.09 

1.440,089  lbs 

13.93 

80.63 

3.21 

3.40 

3.30 

1,088,874  lbs 

10.53 

SI. 16 

3.41 

3.60 

3.44 

337,068  lbs 

3.26 

94.42 

3.61 

3.80 

3.70 

121.483  iba 

1.17 

95.G9 

3.81 

4.00 

3.85 

98,049  lbs 

.95 

96.64 

4.01 

4.20 

4.30 

368,111  lbs 

3.46 

100.00 
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In  this  chart  the  fariue  were  grouped  according  to  net  costs,  a^ 
shown  In  the  column  of  costs  at  the  left  side  of  the  chart.  TtiH 
shaded  bars  represent  the  relative  amounts  of  mi)k  produced  at 
various  costs.  The  column  of  percentages  at  the  right  shows  the 
total  percentage  of  the  whole  output  that  was  produced  at  or  helow 
each  auccessire  coat  in  the  scale  of  costs.  The  outstanding  fact 
shown  by  this  chart  is  that  while  the  large  bulk  of  the  milk  Is  pro- 
duced within  a  reasonably  narrow  range  of  costs,  there  Is  a  wide 
range  of  coats  both  above  and  below  the  costs  of  the  main  bulk  ot 
the  milk.  Although  those  dairymen  who  have  reduced  the  cost  of 
production  markedly  below  the  general  average  may  have  been  helped 
to  some  extent  by  unusually  favorable  circumstance  a.  It  Is  safe  to 
say  that  such  reduction  is  due  In  large  part  to  better  management. 
At  least  some  of  the  features  of  this  better  management  could  be 
adopted  by  other  dairymen  to  advantage.  There  are  quite  a  number 
of  producers  whose  costs  are  so  far  above  the  general  bulk  that  unless 
they  can  Improve  their  management  very  markedly.  It  would  be  better 
for  them  to  quit  the  dairy  business. 

From  the  standpoint  of  the  public,  it  should  be  appreciated  that 
^although  it  would  be  entirely  unjust  to  ask  the  consumer  to  pay  -i 
price  that  would  cover  the  cost  oF  production  on  the  farms  under 
poorest  management.  It  is  quite  necessary  to  pay  a  price  somewhat 
above  the  average  cost  of  production  In  order  to  encourage  the  pro- 
duction of  enough  milk  to  supply  the  country's  needs.  Just  where 
this  line  should  be  drawn  no  one  Is  able  to  say.  Some  investigators 
liave  suggested  that  this  line,  termed  the  "bulk  costs  line,"  should 
be  drawn  bo  that  eighty'tlve  per  cent  of  the  milk  supply  would  be 
produced  at  or  below  the  proposed  price,  leaving  the  most  expensive 
fifteen  per  cent  to  be  produced  at  a  loss. 

The  equitable  adjustment  of  prices  between  producer  and  con- 
sumer through  the  operation  of  natural  economic  laws  Is  made  dif- 
ficult, in  so  far  as  it  atfectu  those  whose  businesa  is  primarily  dairy- 
ing, by  the  tact  that  a  vast  amount  of  the  country's  dairy  products  Is 
produced  as  by-products  on  farms  where  waste  or  cheap  feed  is 
utilized  and  where  the  dairy  offers  a  means  of  cashing  in  on  moie  ur 
less  idle  time  of  children  or  over-time  o(  men  and  women.  Such  far- 
mers will  continue  to  produce  when  the  prices  drop  very  low  for  th-; 
,sake  of  realizing  even  a  small  return  for  their  more  or  less  un:4a1ahle 
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feed  and  surplus  time.  This  situation  retards  the  return  of  prices  to 
the  point  where  the  conmterclal  dairyman  can  recover  the  cost  oi 
feed  and  labor  tor  vhich  he  must  figure  full  value,  working  a  greit 
hardship  at  times  on  those  whose  chief  source  ot  income  is  the  dairy. 

SOME  WAYS  BY  WHICH  NET  CX>STS  MAY  BE  DECREASBD 

Iiiitiroving  Qiinliiy  ol  Stock.  In  order  to  show  the  relation  be- 
tween production  and  costs,  the  herds  studied  In  Whatcom  and  Sno- 
homish Counties  in  1919  and  1020  have  been  grouped  in  Table  XIII 
according  to  average  production  per  cow  per  herd.  It  will  be  seen 
that  the  cost  per  cow  both  for  feed  and  tor  other  coats  Is  higher  In 
every  case  with  each  successive  increase  in  production  but  that  the- 
average  cost  per  pound  of  butterfat  decreases  progressively  with  each 
successive  increase  in  production.  This  table  shows  the  value  of  bet- 
ter pioducine  cows  and  also  shows  that  the  increased  production  and 
reduced  net  cost  calls  tor  more  espeuse  per  cow. 

To  make  further  study  of  the  relation  of  production  to  cost,  the 
25  of  the  herds  grouped  in  Table  XIII  that  produced  at  least  cost  ani 
the  25  herds  that  produced  at  greatest  cost  were  grouped  Inio  two 
divisions  in  Table  XIV.  The  tabulation  shows  that  the  best  herds 
produced  8  516  pounds  of  milk  per  cow  per  year,  containing  478 
pounds  of  butterfat,  at  a  net  cost  of  f  207.32:  while  the  poorest  herds 
produced  6879  pounds  of  milk  per  cow  per  year,  containing  277 
pounds  ot  butterfat,  at  a  net  cost  of  1224.23.  It  Is  thus  seen  thar 
through  the  use  of  the  good  herds  47S  pounds  of  butterfat  were  pro- 
duced for  tl6.96  less  <|224.2g-|20T.32)  than  it  coPt  to  produce  277 
pounds  of  butterfat  through  the  use  ot  the  poorest  herds.  Of  course, 
there  are  other  features  of  management  that  exerted  an  Influence.  a:> 
further  inspection  of  the  table  will  show,  but  the  high  production  i:i 
the  outstanding  feature  of  the  most  economical  herds. 

To  be  very  profitable  a  cow  must  possess  the  capacity  to  coi.- 
aume  a  considerable  quantity  of  teed  in  excess  of  mainienance  rt- 
quirements  and  convert  it  into  milk.  Innumerable  cow  testing  as- 
sociation records  show  that  cows  vary  markedly  in  this  respect.  Cows 
that  have  proved,  under  good  feeding  and  care,  that  they  do  not 
possess  this  capacity  to  a  sufficient  degree  to  cover  the  co3t  of  pru- 
duction,  including  interest  on  Investment,  should  be  sold,  not  to  soi:^f 
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other  dairyman  but  to  the  butcher.  Unfortunately,  the  heavier  pru- 
ducing  cows  are  largely  picked  up  tiy  dairymen  who  sell  whole  milk, 
many  of  whom  raise  no  calvea  but  depend  upon  keeping  up  theli- 
herds  by  purchase.  The  poorer  grade  ot  cows,  on  the  other  hand, 
tend  to  gravitate  to  the  less  intensive  dairy  sections  where  sktm  milk 
is  kept  at  bome  and  the  heifers  are  raised  both  to  replenish  the 
home  herd  and  for  aale.  Thus  there  is  the  average  tendency  to  loae 
the  breeding  service  ot  the  best  female  stock  and  to  multiply  tha 
poorer  grade  of  stock.  There  afaould  be  some  cooperative  effort  to 
save  heifers  from  the  best  cows  where  whole  milk  Is  sold. 

Probably  the  greatest  room  for  improvement  in  the  productive 
capacity  of  stock  is  through  the  tuller  use  of  the  very  best  aires.  In 
1919,  63  sires  were  maintained  to  serve  1502  cows,  when  by  proper 
cooperation,  such  as  is  practiced  in  the  modern  bull  assoctattonfi, 
fifteen  to  twenty  well-selected  bulls  would  have  been  sufficient.  If 
proper  discrimination  were  practiced  In  the  use  ot  bulls  the  better 
half  of  these  cows,  which  would  probably  include  all  from  which  it 
would  pay  to  save  heifers,  could  be  served  by  seven  to  ten  high-class 
sires.  Bull  associations  are  still  further  enlarging  the  usefulness  of 
the  beat  sires  by  moving  them  to  other  associations  as  soon  as  their 
daughters  la  one  association  are  ready  to  breed. 

Table  XV  shows  the  profit  that  would  result  from  displacing 
herds  with  given  performance  with  higher  producing  herds.  It  will 
be  seen  that  Group  1  produced  324  pounds  of  butterfat  at  a  cost  of 
S19&;  while  Group  2,  the  next  highest  producing  group,  produced  thji 
same  amount  of  butterfat  tor  $168,  a  saving  ot  |2T.  Group  3,  a  still 
higher  producing  group,  produced  224  pounds  of  butterfat  for  tlG2, 
or  a  saving  of  t43  as  compared  with  the  cost  of  producing  the  samu 
amount  of  butterfat  with  Group  1. 

By  studying  the  table  it  will  be  seen  that  thp  decrease  in  the 
cost  of  butterfat  and  the  saving  in  the  cost  of  production  per  cow 
were  much  greater  in  the  step  from  the  poor  herd  to  the  herd  of  fair 
quality  than  In  the  step  from  the  fairly  efficient  herd  to  the  ex- 
ceptional herd,  the  first  reduction  being  twelve  cents  per  pound,  tn« 
second  reduction  seven  cents  per  pound,  the  third  reduction  tlvt^ 
cents  per  pound  an  dtbe  fourth  reduction  two  cents  per  pound 
of  butterfat.  Thus  from  the  standpoint  of  economic  milk  production. 
It  appears  that  the  first  step  In  building  up  a  poor  herd   (replaclni; 
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^crubB  with  grades)  Is  not  only  the  easiest  step  to  (ccomplUb  but  Ih 
the  one  that  promises  the  largest  return  for  a  given  expenditure  n( 
money  and  labor. 

Prtfbably  In  no  other  phase  of  dairy  management  is  there  so 
great  room  (or  increasing  profit  as  there  is  In  Improving  the  produt- 
Ing  capacity  of  the  stock.  Extra  food  and  labor  is  wasted  It  applied 
to  animals  that  do  not  possess  the  capacity  to  respond  to  the  better 

Better  Feeding.  Table  XIV  shows  that  while  the  best  herds 
produced  478  pounds  of  butterfat  for  (16.96  less  net  cost  than  was 
required  to  produce  277  pounds  of  butterfat  with  the  poorer  herds, 
the  better  herds  were  actually  fed  about  one-fifth  more  grain  pir 
head,  thus  placing  the  expense  where  it  would  count  most  In  produc- 
ing milk.  The  two  big  factors  In  securing  production  are  productive 
cows  and  ample  feed,  (including  water).  Further  inspection  of  the 
table  will  show  that  much  of  the  extra  expense  of  the  "high  cost" 
herds  was  applied  to  Items  that  hare  very  little  influence  on 
production. 

Table  XIII  also  shows  that  the  cost  of  feed  has  increased  with 
Increase  in  production  more  rapidly  than  the  Increase  in  other  costs, 
but  that  the  cost  per  100  pounds  of  milk  and  per  pound  of  butterfat 
has  decreased  with  each  increase  In  feed  and  production. 

A  common  mistake  is  to  permit  cows  in  full  f'ow  to  run  down 
in  flow  and  In  physical  condition  during  a  shortage  of  pasture  or 
frequently  when  the  feed  supply  is  low  Just  before  the  pasture  season 
opens.  In  such  cases  the  loss  is  not  confined  to  the  period  of  short 
feed,  for  the  cows  seldom  can  be  brought  back  to  their  full  flow 
-when  they  are  later  placed  on  full  feed  and  much  of  the  feed  must 
be  used  to  bring  them  back  into  proper  physical  C'tndition.  Soran- 
tlmes  the  dairyman's  affairs  are  in  such  shape  that  he  is  forced  to 
keep  his  cows  on  short  feed  at  such  times  and  suffer  the  con- 
sequences, but  as  a  rule  such  situations  occur  quite  regnlarly  at 
certain  rather  definite  seasons  and  can  be  provided  tor  by  planning 
in  advance  and  properly  proportioning  the  season's  forage  crops  bo  an 
to  provide  the  proper  amount  of  feed  for  the  periods  of  shortage. 
Some  provide  succulents  tor  the  dry  summer  pasture  period  by  put- 
ting up  additional  silage.  Others  seed  the  necessary  acreage  pt 
grain,  vetch  or  other  annual  crop  that  will  be  ready  to  feed  oft  durln;,- 
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the  summer  drought.  It  frequently  paya  to  feed  purchased  feed  at 
a  loss  during  auch  perloda  In  order  to  keep  the  cows  In  condition  10 
utilize  feed  to  advantage  when  the  period  of  cheaper  and  more  abun- 
dant feed  arrlvea. 

When  the  supply  of  Important  teed  like  silage  la  limited  and 
there  la  no  chance  to  secure  more,  It  la  better  to  pl%n  the  feeding  so 
that  it  will  be  dUtributed  over  the  period  during  which  It  Is  really 
needed.  It  is  not  uncommon  for  dairymen  to  start  feeding  liberally 
from  such  feed  supply  without  any  thought  of  the  end,  only  to  find 
that  the  supply  Is  exbatisted  long  before  the  end  of  the  period. 

Another  common  mistake'  in  feeding  is  to  confine  the  cows  to 
too  limited  variety  of  feeds  to  avoid  the  purchase  of  any  outside  feed. 
This  may  often  pay  when  the  outside  feed  costs  too  much  more  than 
home  grown  feeds,  h^t  as  a  rule  It  is  best  to  provide  a  fairly  well- 
balanced  ration.  Many  dairymen  in  certain  parts  of  Washington 
are  found  confining  their  cows  very  largely  to  tlmo<hy  hay.  grain  or 
wild  hay  as  roughage,  or  confining  them  to  oats  for  grain.  For  cows 
to  do  best  It  is  necessary  that  the  cured  roughage  constat  very  largely 
of  legume  haya,  and  if  the  home-grown  non-lcgumlnous  hay  la  of 
good  market  quality  it  would  usually  be  better  to  sell  some  and  buy 
some  legume  hay  to  feed  in  Its  atead.  Standard  grain  feeds  run  so 
nearly  together  In  price  that  it  seldom  pays  to  confine  cows  to  a. 
single  home-grown  grain.  Some  dairymen  fall  to  provide  any  form 
o(  succulence  or  provide  for  only  part  of  the  year.  Succulence  in 
some  form  is  one  of  the  most  essental  factors  in  economic  milk  pro- 
duction and  should  be  provided  In  some  form  throughout  the  year. 
Many  make  the  mistake  of  feeding  too  light,  giving  the  cowa  very 
little  moTi!  than  a  maintenance  ration.  It  is  impossible  for  cowa  to 
do  their  beat  unless  they  are  given  aa  much  in  excess  of  the  mainten- 
ance ration  as  they  are  capable  of  consuming  and  converting  Into  milk 
economically.  Feeding  beyond  their  capacity  reaulta  in  waste.  The 
exact  point  at  which  a  cow  will  do  her  beat  is  an  individual  matter 
and  must  be  determined  by  varying  each  cow's  feed  and  watching 
results  carefully.  The  majority  of  dairymen,  however,  can  feed  some- 
what heavier  than  they  do  without  much  fear  of  overfeeding.  A  case 
is  recorded  in  Nebraska  of  a  dairyman  who  was  displeased  with  a 
certain  cow  and  decided  to  tit  her  for  the  butcher.  In  order  to  do 
so  he  began  to  teed  to  fatten  her  and  waa  surprised  to  have  her  Jump 
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very  quickly  into  the  class  of  profit  luakers.  The  dairyman,  however, 
who  platiD  on  heavier  feeding  should  also  Improve  ttis  stock. 

Some  dairymen  could  Improve  their  feeding  by  greater  regularity 
both  in  time  ot  feeding  and  In  quantity  of  feed.  Cows  in  full  [low 
are  quite  senstttve  aleo  to  the  quality  of  feed.  Cheap  feed  often  be- 
comes very  expensive  In  the  end  because  of  poor  results  secured  from 
Its  use.  The  poorer  teed  can  be  utilized  to  "better  advantage  by  the 
growing  stock,  the  bulle,  or  the  dry  cows. 

Better  Management  of  Pastures.  In  dairy  sections  pasture:! 
often  remain  for  a  number  of  years.  In  such  cases  It  is  important 
that  the  pasture  be  established  with  care  to  secure  a  good  stand  of 
desirable  varieties  of  pasture  plants.  Many  pastures  are  being  main- 
tained that  scarcely  produce  half  as  much  as  they  should  because 
there  was  not  sufficient  pains  taken  to  establish  them  properly. 
Often  times  they  are  not  permitted  to  become  well  enough  established 
before  turning  the  stoclc  on  them.  Pasture  should  be  permitted  to 
make  a  fairly  heavy  growth  before  the  stock  Is  turned  on  for  the  first 
time.  A  common  mistake  is  to  have  all  pasture  within  one  inclosure, 
turn  on  the  stock  very  early  in  the  spring  and  keep  the  pasture  crop- 
ped so  close  throughout  the  entire  season  that  the  production  is  re- 
duced to  a  minimum.  The  amount  of  animal  food  that  can  be  pro- 
duced on  a  pasture  during  a  season  depends  very  largely  upon  the 
leafy  growth  that  is  available  to  digest  the  raw  material  drawn  from 
the  soil.  If  a  field  Is  pastured  so  close  that  there  Is  practically  no 
leaf  growth  above  the  ground,  very  little  elaboration  of  plant  food 
can  take  place.  It  Is  tetter  to  give  the  cows  some  supplementary  feed 
rather  than  to  permit  them  to  crop  the  pasture  too  close.  It  is  a  good 
plan  to  divide  the  pasture  into  two  or  three  parts  and  turn  the  stock 
on  to  the  pastures  in  rotation  without  permitting  too  close  cropping 
at  any  time.  A  prominent  Washington  dairyman  has  estimated  that 
the  production  of  his  pasture  was  trebled  by  dividing  and  pasturing 
the  divisions  In  rotation. 

More  Attention  to  Crop  Prodnction.  Many  dairymen  feel  that 
since  their  primary  Interest  is  in  the  dairy  they  are  not  particularly 
concerned  about  the  production  of  crops  and,  therefore,  make  littlo 
effort  to  till  the  soil  properly  and  utilize  their  manure  efficiently 
to  produce  heavy  crops.    The  result  is  that  they  harvest  a  light  crop 
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of  hay,  a  tight  crop  of  roots  or  of  grain  to  be  fed  to  cows,  without 
realizing  that  the  feed  comes  to  the  cows  at  twice  the  cost  that  it 
might  i[  more  attention  had  been  given  to  the  production  of  the  crops. 
Such  dairymen  watch  the  price  of  feed  closely  and  try  to  buy  as 
cheaply  as  posBlble  but  do  not  realize  that  the  skill  with  which  they 
produce  their  crops  is  really  determining  the  cost  of  their  home-grown 
feed,  and  that  they  have  the  determining  of  its  coat  much  more 
nearly  in  their  own  hands  than  In  the  case  of  purchased  feeds. 

B«ttei-  Utllixatlon  of  Manure.  In  some  sections  of  the  United 
States,  the  manure  is  considered  the  chief  source  of  profit  from  the 
dairy,  but  in  the  newer  sections  of  our  country  the  majority  of  dairy- 
men do  not  talie  the  manure  question  seriously.  The  average  value 
of  manure  per  1000  pound  cow  per  annum,  if  all  were  saved  and 
utilized  with  such  efficiency  as  to  recover  the  commercial  value  of 
Its  fertilizing  ingredients.  Is  calculated  by  Prof.  F.  /.  Slevers,  Head 
of  the  Department  of  Soils  of  the  State  College  of  Washington,  to  be 
f41.86  on  the  basis  of  pre-war  prices  for  comoi'ircial  fertilizers. 
Practically  halt  this  value  is  in  the  liquid  manure.  While  it  Is  doubt- 
less Impossible  In  practice  to  recover  full  value,  in  many  cases  the 
profits  from  the  herd  might  easily  be  Increased  fl^  to  tl5  per  head 
by  saving  the  manure  carefully  at  the  barn,  preventing  the  loss  of 
the  liquid  portion  and  getting  the  whole  product  onto  the  fields  with 
a  minimum  loss.  Tne  net  return  from  manure  is  often  t4mes  in- 
creased by  Introducing  some  crop  Into  the  rotation  that  responds  more 
profitably  to  the  stimulus  of  fertilizer  than  the  average  forage  crop 
In  some  cases  the  location  of  the  dairy  justifies  the  insertion  of  a 
vegetable  crop  or  of  certain  fruits,  the  production  ol  which  is  some- 
limes  increased  (10  to  115  or  more  per  acre  per  ton  of  manure 
applied. 

Several  dairymen  have  been  found  in  western  Washington  who 
have  produced  $600  to  tlOOO  worth  of  vegetables  or  small  fruits  per 
acre  on  heavily  manured  tracts  in  localities  where  the  normal  pro- 
duction would  not  reach  halt  those  sums.  Such  larg«  returns  are  not 
possible  for  the  majority  but  the  examples  illustrate  an  Important 
iniiiciple  in  farm  management  that  should  not  be  overlooked. 

>[ore  Economtcol  Utilization  of  Labor.  Table  VII  shows  thai 
man  labor  constituted  25.3  per  cent  or  practically  one-fourth  the  net 
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cost  of  producing  milk,  wbeu  all  counties  and  both  years  were  aver- 
aged, and  that  it  is  decidedly  the  bisgeat  Blngle  Itnm  of  expense  of 
operating  a  dairy  next  to  the  teed  bill.  That  there  >«  a  possibility  of 
reducing  the  labor  cost  very  materially  in  many  cas9s  is  seen  by  com- 
paring individual  farina  on  which  the  labor  cost  varied  from  l.H 
hours  of  labor  per  100  pounds  of  millc  to  4.S9  hours  per  100  pounds 
of  milk.  It  is  Interesting  to  note,  however,  that  the  wide  dlfterence 
between  these  two  extremes  was  not  due  so  much  to  difference  in  tbu 
management  of  the  labor  as  in  the  producing  capacity  of  the  herds 
to  which  the  labor  was  applied.  The  herd  that  produced  at  an  aver- 
age labor  cost  of  1.26  hours  per  100  pounds  of  mllli  averaged  17,473 
pounds  per  cow,  the  highest  production  of  all  the  herds  studied; 
while  the  herd  producing  milk  at  a  labor  cost  of  4.39  hours  per  100 
pounds  of  mtlk  avaraged  3502  pounds  of  milk  per  cow,  the  second 
lowest  producing  herd  of  all  studied.  The  lowest  producing  herd 
averaged  3362  pounds  of  milk  produced  at  a  labor  coat  o(  4.88  hours 
per  100  pounds  or  only  .01  hours  better  than  the  second  lowest  pro- 
ducing herd.  These  figures  illustrate  the  fact  that  one  of  the  best 
ways  to  reduce  the  labor  cost  per  unit,  or  relative  labor  cost,  la  t" 
apply  the  labor  to  cows  that  will  respond  and  further  emphasize  the 
fact  brought  out  la  preceding  prargraphs  that  one  <tt  the  best  wayis 
to  increase  profits  is  to  increase  the  producing  capacity  of  the  cows. 
The  highest  producing  herd  mentioned  above  produced  an  average 
net  profit  of  $88.15  per  cow,  while  the  lowest  producing  herd  aver- 
aged a  net  loaa  ot  $56.79  per  cow. 

The  possibilities  of  improving  the  labor  management  are  better 
shown  by  the  variation  In  the  amount  of  labor  expended  per  cow, 
by  different  dairymen  which  ranges  from  103  hours  per  cow  to  349 
hours  per  cow  per  year.  There  variations  are  comparatively  indepen- 
dent of  production,  since  the  majority  of  operations  require  a'bout  thi; 
same  length  of  time  whether  the  cow  is  a  high  or  low  producer.  There 
are  several  good  features  of  labor  management  followed  suocesatully 
by  various  dairymen  that  are  overlooked  by  others.  Good  managers 
work  out  a  regular  routine  for  each  helper  which  they  follow  every 
day,  ao  that  each  becomes  familiar  with  his  own  routine  and  not  only 
can  do  each  Job  more  quickly  but  can  pass  from  one  job  to  the  nest 
with  the  least  loss  of  time.  The  writer  obsfrved  one  rather  extreme 
case  where  no  one  person  was  assigned  to  any  particular  portion  of 
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the  work  but  each  looked  to  the  boss  for  aseigment  from  job  to  Job. 
The  eflciency  of  the  mens'  time  waa  reduced  twenty-five  per  cenL 

Some  hurry  back  and  forth  from  feed  bin  to  the  Individual  cows, 
feeding  one  or  two  at  each  trip,  while  others  do  tbe  same  work  In 
half  the  time  by  moving  the  feed  for  tbe  whole  herd  In  a  box  or  T»t 
mounted  on  wheels  along  the  alley  in  front  of  tbe  cows,  feeding  as 
they  go.  The  same  applies  to  allage.  Some  dairymen  require  twn 
or  three  times  as  much  time  as  others  for  feeding  bay  because  of 
awkward  arrangement  of  mows  and  chutes.  Or-J  dairyman  wai 
visited  who  had  reduced  the  total  cost  of  feeding  hay  and  caring  for 
his  manure  by  a  very  simple  plan.  The  first  floor  of  the  main  part 
of  his  barn  waa  an  undivided  space  in  which  the  cows,  were  permitted 
to  run  loose.  Hayracks  extended  along  each  aide  wall.  The  second 
story  waa  entirely  (or  hay  storage.  An  opening  was  left  in  the  floor 
of  the  mow  along  the  full  length  of  each  side  Just  over  the  teed  racks 
In  filling  the  barn  the  hay  was  not  extended  over  the  openings,  so 
that  the  hay  could  be  rolled  directly  into  each  feed  rack  with  a  mini- 
mum of  carrying  In  the  mow  and  with  no  work  at  all  on  the  first 
floor.  The  cows  were  placed  In  stanchions  In  a  wing  for  grain  feed- 
ing and  to  be  milked  and  were  turned  loose  in  the  main  barn  the 
balance  of  the  time.  By  keeping  the  main  part  bedded  It  was  suf- 
ficient to  clean  out  the  manure  whenever  the  dairyman's  time  and 
the  field  conditions  made  It  possible  to  haul  it  direct  to  the  field, 
thus  saving  the  extra  handling  at  tbe  barn  that  usually  goes  with 
the  daily  cleaning  of  stanchions.  Furthermore,  almost  100  per  cent 
of  the  fertilizing  elements  of  the  manure  waa  saveiii. 

Some  dairymen  equip  with  mechanical  devices  that  save  much 
time.  One  dairyman  was  observed  fastening  or  unfiistening  twenty- 
five  cows  in  a  string  with  one  stroke  of  a  lever  which  moved  a  lon^ 
rod  passing  across  each  stanchion,  thus  effecting  »  material  savin; 
on  a  single  operation. 

Some  plan  all  alleys,  gates  and  paddocks  so  that  a  minimum  of 
attention  to  the  animals  Is  required  after  they  are  unfastened.  Others 
waste  considerable  time  moving  animals  to  and  from  paddocks  and 
pastures,  often  through  several  gates  past  other  stock  or  past  tempt- 
ing crops. 

In  short,  the  most  economical  utilization  of  labor  requires  a 
careful  study  of  the  arrangement  of  stalls,  alleys,  feed  bins,  hay 
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chutes,  paddocks,  etc.,  and  of  tbe  organization  of  the  daily  chores  of 
each  man.  Tbe  percentage  ot  the  total  expense  that  was  put  into 
labor  varied  in  1920  on  different  farms  from  16.7  per  cent  to  39.8 
per  cent  or  a  difference  ot  33.1  per  cent.  If  the  man  who  apent  39. S 
per  cent  of  hU  entire  coat  of  producing  milk  on  labor  could  have 
operated  on  as  low  a  labor  cost  as  the  other  man,  he  could  hare  saved 
23.1  per  cent  of  his  gross  cost  of  producing  milk,  a  handsome  profit 
in  Itself.  This,  of  course,  la  an  extreme  case,  but  there  is  room  for 
many  dairymen  to  make  a  saving  of  from  five  to  ten  per  cent  groEs 
cost  of  producing  by  better  labor  management. 

A  More  Economical  Unit.  Frequently  too  few  sows  are  kept  to 
be  managed  economically.  Where  one  man  gives  his  entire  time  to 
the  dairy  it  is  important  to  have  enough  cowe  to  make  full  use  of  his 
time,  for  a  smaller  number  breaks  up  a  man's  time  so  completely  that 
it  is  very  difficult  to  do  any  other  work.  Some  dairs'men  are  found 
devoting  one  man's  tiine  to  a  dozen  cows  while  others  handle  20  to 
26  cows  with  one  man's  time. 

There  are  very  few  Jobs  about  a  dairy  in  which  tiie  time  required 
Increases  in  proportion  to  the  number  of  cows.  On  many  Jobs  two 
dozen  cows  would  scarcely  require  over  fifty  per  cent  more  time  than 
one  dozen  cows.  Some  Jobs  require  almost  the  same  time  regardless 
of  the  number  ot  cows,  such  as  driving  to  and  from  pasture.  Where 
the  dairy  man  markets  hie  own  product,  the  cost  of  marketing  per 
unit  of  product  is  reduced  nearly  in  Inverse  proportion  to  the  size  ot 
the  herd  (except  in  case  of  retailing).  Supplies  generally  may  bo 
purchased  and  delivered  more  economically  for  a  large  than  for  a 
small  unit. 

A  good  sized  herd  may  be  housed  equally  well  at  a  iesa  cost  per 
cow  than  a  small  herd.  Where  each  dairyman  keeps  Ma  own  aire  thi 
uae  of  a  first  class  bull  becomes  almost  prohibitive  with  a  small  herd. 
Sire  service  on  the  farms  studied  ran  as  high  4s  {23,82  per  cow  for 
one  dairy  with  ten  cowa. 

Economical  Building  Equipment.  The  butldlng  costs  in  thiB 
atudy  for  1920  ranged  from  (2.96  to  (23.35  per  cow.  While  manv 
ot  the  cheaper  buildings  are  inadequate,  it  Is  seldom  that  the  more 
expensive  buUdings  Increase  either  the  quantity  or  the  quality  of 
milk  in  proportion  to  the  extra  expense.     It  must  be  borne  in  mind 
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that  30  far  a^  milk  production  is  concerned,  the  function  of  a  cattle 
barn  Is  to  protect  the  cows  from  the  weather,  provide  a  comfortabla 
place  tor  them  to  eat  and  lie  down,  provide  arrangements  for  caring 
for  them  economically,  and  provide  the  sanitary  conditions  eeseniiai 
to  the  health  ot  the  cowa  and  to  the  production  of  milh  ot  good 
quality.  Any  expense  incurred  for  cattle  barns  beyond  providing  tor 
these  essentials  is  a  loss  so  far  as  the  cost  of  produci  Ion  is  concerned. 
Undue  building  expense  Is  due  in  some  cases  to  too  elaborate  build- 
ings, while  in  other  cases  It  is  due  to  poorly  planned  structures  that 
provide  Cor  too  few  cows  for  the  size  and  cost  of  the  buildings.  Many, 
perhaps  the  majority,  of  dairymen  are  obliged  to  utilize  what  they 
find  on  the  place,  hut  where  new  structures  or  alterations  of  old 
Etruetures  may  he  contemplated  plans  should  be  carefully  worked  out 
so  that  a  given  expenditure  may  care  for  a  maximum  number  of  cows 
so  far  as  it  Is  consistent  with  economy  of  operation  and  the  general 
appearance  of  the  farmstead. 

The  foregoing  are  some  of  the  outstanding  ways  by  which  the 
cost  ot  producing  milk  may  be  reduced.  No  attempt  has  been  made 
to  enumerate  all  the  possible  ways  by  which  cost  may  be  reduced. 
While  some  dairymen  manage  poorly  In  only  one  or  two  partlculftr», 
others  need  to  make  a  tittle  Improvement  In  nearly  all  phases  of  their 
business. 

Summary  of  the  Facts  Brought  Out  In  tbls  Study 

The  following  summary  is  based  on  a  study  of  91  farms  in  1919 
maintaining  1502  cows  which  produced  10,148,381  pounds  of  milk, 
and  81  dairy  farms  In  1920  maintaining  1,469  cows  that  produced 
10.341,074  pounds  of  milk. 

The  average  size  of  herds  for  two  years  was:  Whatcom  County. 
18;  Snohomish  County,  24;  Pacific  County,  13;  and  Wahkiakum 
County,  20. 

The  average  production  ot  milk  per  cow  per  year  tor  1919  was 
Whatcom,  7,942  pounds;  Snohomish,  6,864  pounds;  Pacific,  5,5SS 
pounds;  and  Wahkiakum,  G,328  pounds. 

The  average  production  of  butterfat  per  cow  per  year  for  ISl?" 
and  1920  was:  Whatcom,  345  pounds;  Snohomish,  297  poonds; 
Pacific,  251  pounds;  and  Wahkiakum,  319  pounds. 
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The  average  quantities  of  iagredlente  fed  per  cow  per  year  with 
a.]\  counties  averaged  was  as  follows:  grain,  1218  poands;  hay,  2,635 
pounds;  succulents,  3.246  pounds;  pasture,  2H  days,  and  man  labnr, 
158  hours. 

The  average  net  cost  of  production  per  cow  per  year  (or  191B 
and  1920  was:  Whatcom,  1223.47;  Snohomish,  (203.19;  Pacific, 
fl56.T7;  and  Wahkiakum,  $170.27;  weighted  average  of  all  coun- 
ties fl96.73. 

The  average  coat  of  producing  100  pounds  of  milk  tor  1919  and 
1920  was:  Whatcom,  S2.81;  Snohomish,  $2.96;  Faciric,  t2.Sl;  and 
Wahkiakum  $2.68;  weighted  average  of  all  counties  (2.84. 

The  average  cost  of  producing  one  pound  of  butterfat  in  1911 
and  1920  was:  Whatcom,  64.7  cents;  Snohomish,  71.5  cents;  Pacific, 
62.3  cents;  and  Wahkiakum,  63.4  cents. 

Feed  constituted  51.99  per  cent  of  the  net  cost  of  producing  milk 
in  Whatcom;  49.14  per  cent  In  Snohomish;  46.76  per  cent  In  Pacific, 
47.61  per  cent  in  Wahkiakum;  and  50.22  per  cent  with  all  counties 
averaged. 

Man  tabor  constituted  23.52  per  cent  of  the  net  cost  in  Whatcom, 
24.51  per  cent  in  Snohomish,  20.14  per  cent  in  Pacific,  27.39  per 
cent  in  Wahkiakum  and  25.30  per  cent  as  the  weighted  average  of 
ail  counties. 

The  "Credlta  Other  Than  Milk"  averaged  4.97  per  cent  of  the 
"gross  cost"  of  producing  for  alt  counties  studied. 

The  basic  requirements  of  feed  and  labor  for  producing  100 
pounds  of  milk  are  as  follows:  grain  17.7  ponnds,  hay  3S.2  pounds, 
snccal3nts  47.1  ponnds,  pMtnre  3.1  dayit,  niftn  labor  2.3  hours.  The 
total  value  of  these  basic  requirements  equals  75.52  per  cent  of  the 
net  cost  of  producing  milk.  To  determine  the  average  cost  of  pro- 
ducing milk  at  any  time,  divide  the  market  value  of  the  basic  re- 
quirements by  .7552. 

The  average  cost  of  producing  milk  varied  from  11.94  to  (4.39 
per  100  pounds  in  1919,  and  from  (1.81  to  (4.56  per  100  pounds  in 
1920. 

In  1919  a  price  of  (3.40  per  100  pounds  would  have  covered  the 
cost  of  producing  85  per  cent  of  the  total  milk  produced  by  the  herds 
studied. 
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In  1320  a  vrlce  ol  13.40  per  100  pounds  would  have  covered  the 
coat  of  producing  90  per  cent  of  the  total  milk  produced  by  the  herds 
studied. 

The  studies  Indicate  that  the  chief  ways  to  reduce  the  cost  of 
production  are  by  the  use  of  better  stock,  by  better  feedltigr  and  by 
better  labor  manage oient. 

Material  reductions  in  cost  also  may  be  made  In  many  cases  by 
operating  larger  units,  by  better  management  of  pastures  and  more 
attention  to  crop  production,  better  planned  buildings  and  better 
utilization  ol  manure. 


D.q.l,zed  by  Google 


D.n.iiffid  by  Google 


D.n.iiffid  by  Google 


.^'6r 


UmJf^, 


STATE  COLLEGE  OF  WASHINGTON 
AGRICULTURAL  EXPERIMENT  STATION 

PHLLHAM,  WASHIMGIOM    - 


DIVISION  OF  ENTOMOLOGY  AND  ZOOLOGY 


Tolerance  of  San  Jose  Scale 
to  Sprays 

By 
A.  L.  MELANDER 


BULLETIN  No.  174 
(Taebaical  FHpo) 
FSBRDARY,  1913 


All  bnlletlDB  of  thla  BUtlon  u«  sent  fr««  to  eiUsoiui  of  tile  state  on 
applio&tlon  to  the  Director 


Dinitized  by  Google 


BOARD  OF  RGOENTS 

A.  D.  Dunn,  Preflldent Wapato.  Wuh. 

E.  O.  Holland  (Preatdeot  of  the  College,  Secretary  ex  ottlclo) 

W.  A.  Rfta Walla  Walla.  Waah. 

J.  H.  Hulbert Honnt  Vernon,  Wash. 

A.  W.  Davla Spokane,  Waah. 

F.  J.  WUmer Rosalia,  Wa«h. 


EXPERIMENT  STATION  STAFF 

Edward  C.  Johnson,  M.A Director 

L.  J.  Smtlh,  B.S Agricultural  Engineer 

Howard  Hackedom,  B.S Animal  Husbandry 

J.  Sotola,  M.S Assistant  In  Animal  Husbandir 

Paul  W.  Allen,  Ph.D BactertologMt 

J.  L.  St.  John,  M.S AcUng  Chemist 

J.  R.  Neller,  Ph.D Assistant  Chemlai 

Otto  McCreary,  B.S Assistant  Chemist 

E.  V.  Ellington,  B.S Dairy  Hnabandry 

Robert  D.  Tucker,  B.S Orftclal  Testing 

A.  L.  Helauder,  D.  Sc Entomology  and  Zoologr 

W.  T.  Shaw,  M.S Zoology 

Anthony  Spuler,   M.S Asalstant    Entomologist 

E.  G.  Schafer,  M.S rarm  Crops 

E.  F.  Gaines,  D.Sc.* Cerealtst,  Farm  Crops 

O.  E.  Barhee,  B.S Assiatant  lu  Farm  Crops 

F.  J.  Stevenaon,  B.S.* Assistant  tn  Farm  Crops 

Geo.  Severance,  B.S Farm  Managemeol 

E.  R.  Johnson,  M.S Reseaich  Assistant  lu  Farm  Managemeni 

O.  H.  Morris,  M.S Horticulture 

W.  A.  Luce,  B.S.** Assistant  Horticulturist 

O.  L.  Waller,  Ph.H Irrigation  Englneerlns 

F.  D.  Heald,  Ph.D Plant  Pathology 

B.  F.  Dana,  M.S Assistant  Plant  Pathologist 

L.  W.  Cassell Poultry 

F.  J.  Slevers,  M.S Soils 

Henry  Holti,  M.S Assistant  Soil  Physicist 

J.  W.  KalkuB,  D.V.S Veterinary  Science 


M.  A.  McCall,  M.S Superintendent  Adams  Branch  Station,  Lind 

H.  M.  Wanser,  B.S Assistant  In  Crops  and  Soils 

Adama  Branch  Station,  Lind 
C.  E.  Hill,  B.S.*. . .  .In  charge  Waterville  Branch  StaUon,  Waterrllle 

R.  P.  Bean,  B.S.* Supt.  Irrigation  Branch  Station,  Prosser 

H.  P.  Singleton,  B.S Asst.  iu  Crops,  Irrigation  Branch  Station. 

Prosser 

C.  C.  Wright,  B.S.* Irrigation  Engineer,  Irrigation  Branch 

Station,  Prosser 
■In  co-operation  with  the  United  States  Department  of  Agriculture. 
**In  co-operation  with  Chelan  County  and  dairy  farm  Orsa&lsatloni^ 


D.n.iized  by  Google 


EXfflAKS 
HI6AK  STATE    >Of^^^ 


Introduction 

HlBtorlcal    5 

The  Spraying  Project 6 

AcknovledgeroentB 7 

Polysulphld  Sprays 7 

Progreaalve  Immunity 8 

Restricted  Distribution 9 

Charact eristics  of  the  Habitat  of  San  Jose  Scale 9 

Relation  of  Winter  Weather  to  Vitality  of  Scale 12 

The  Spraying  Experiments: 

Experiments  from  190S  to  192Z    12 

Summary: 

Tolerance  to  Sprays 42 

The  Experimental  Project 43 

Methods    43 

Conclusions: 

With  Regard  to  Sprays  Based  on  Sulphur 44 

With  Regard  to  Oil  Sprays 44 

With  Regard  to  Control  in  General 4E 

With  Regard  to  the  San  Jose  Scale 47 


D.n.iized  by  Google 


D.n.iiffid  by  Google 


TOLERANCE  OF  SAN  JOSE  SCALE 
TO  SPRAYS 


A.  L.  Melander,  Entomologist 


INTRODUCTION 

HistoiiCHl. — The  Saa  Jose  scale  has  been  present  In  Washington 
for  approximately  forty  years.  Introduced  In  the  Walla  Walla  region 
and  the  older  orchards  on  the  Snake  River  It  has  spread  In  the  mean- 
time to  most  of  the  orchards  of  the  valleys  of  the  Columbia  River 
and  Its  tributaries,  following  that  region  known  biologically  as  the 
Upper  Sonoraa  life  zone.  It  rarely.  If  ever,  occurs  at  an  elevation 
above  2000  feet,  and  In  Western  Washington  Is  barely  able  to  main- 
tain Itself,  occurring  on  only  a  few  trees  In  the  inland  southern  part 
of  the  state. 

Fruit  growers,  years  ago,  found  the  application  of  a  lime-sulphur 
spray  the  most  satisfactory  control  measure.  Formerly  this  spray 
was  commonly  used  at  the  rate  oC  1  lb.  of  sulphur  to  2  lbs.  lime  to  \ 
lb.  salt  to  3  gallons  water.  Investigations  by  C.  V,  Piper  and  R,  W. 
Thatcher  in  1902,  reported  in  Washington  Bulletin  No.  56,  showed 
that  salt  was  unnecessary  and  that  four  times  as  much  lime  was  be- 
ing used  as  was  chemically  needed.  This  Investigation  indicated  also 
that  weaker  sprays  were  equally  efficient,  a  formula  of  1  lb,  sulphur, 
U  lb.  lime  to  5  or  6  gallons  water  giving  results  almost  identical 
with  those  from  the  customary  spray.  In  even  as  brief  a  period  as  a 
week  after  the  application  examination  showed  almost  complete  de- 
struction of  the  scale.  The  experiments  upon  which  these  findings 
were  based  were  carried  on  in  a  Snake  River  orchard  that  had  be«n 
rendered  commercially  unproductive  l)ecau8e  of  heavy  infestation  of 
San  Jose  scale. 

Dnriag  the  next  ten  years  fruit  growers  here  and  there  ex- 
pressed dlBsatisf action  with  the  results  from  lime-sulphnr.     At  first 
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the  omlsBion  of  salt  was  held  respoiiBible,  then  the  lack  of  excesa 
lime,  then  the  general  usage  of  factory  manufactured  clear  cold  con- 
centrate which  waa  displacing  the  hot  home-made  lime-sulphur,  and 
lastly  that  the  San  Jose  scale  was  becoming  tolerant  to  annual  baths 
of  llme-BUlphuT  until  a  progressive  immunity  was  developed. 

tlu  Spraying  Project. — Beginning  In  1908  the  writer  undertook  a 
series  of  experiments  to  determine  whether  the  San  Jose  scale  varied 
in  Its  BUflceptibiUty  to  lime-sulphur  and  whether  races  were  being 
selectively  bred  that  manifested  an  Increasing  tolerance  to  this  in- 
secticide. This  has  been  continued  each  year  to  date  and  has  brought 
out  many  interesting  data  which  are  here  abridged  and  summarised, 
the  diBCUsalon  being  presented  In  the  chronological  order  in  which 
the  experiments  were  conducted.  Naturally  the  plan  of  the  experi- 
ment changed  during  its  course.  The  early  field  examinations  with 
hand  lenses  to  determine  the  relative  effectiveness  of  the  several 
treatments  gave  way  to  a  careful  accounting  for  every  insect,  exam- 
ined In  the  laboratory  under  the  binocular  microscope.  Treatments 
found  useless  were  discarded.  Concentrations  of  sprays  were  altered, 
and  from  time  to  time  Insecticides  of  local  interest  were  given  com- 
parative trials. 

All  the  spraying  was  done  with  Bordeaux  nozzles  at  about  ITS 
pounds  pressure.  The  branches  selected  for  counting  were  drenchHl, 
probably  more  than  in  commercial  spraying,  to  Insure  actual  wetting 
of  every  individual  scale.  The  problem  was  not  to  measure  thorough- 
ness of  application  but  to  test  the  relative  effects  of  various  insecti- 
cides. Obviously  branches  picked  at  random  in  an  orchard  commer- 
cially sprayed  would  lack  that  assurance  of  careful  covering  which 
was  necessary  for  this  undertaking.  About  three  weeks  after  the 
application  sample  branches  were  obtained  from  each  experiment 
and  the  scales  were  examined  by  crushing  with  dissecting  spears 
under  the  bloocular  microscope.  The  condition  of  each  whether  liv- 
ing or  dead  was  recorded  by  tally  counters  operated  by  the  feet. 
Only  the  Immature  black  overwintering  scales  were  examined  asd 
recorded,  as  in  Eastern  Washington  the  mature  scales  are  all  wlnler- 
killed.  Flat,  nort-mealy,  dried  scales  were  not  considered,  as  such 
had  died  long  before  the  experimental  applications.  In  nearly  ererf 
Instance  the  samples  were  divided  into  two  parts  and  examined  by  Ilie 
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entomolOKiat  and  the  aesistant  entomologist,  thus  obtaining  a  check 
on  each  other.  Since  persoaallt}'  in  loterpretatlon  did  not  appear  to 
be  aa  dlaturblng  as  the  difterences  In  Individual  branches  the  num- 
bers of  scales  examined  have  been  here  added  together.  Irrespective 
of  who  made  the  counts.  In  order  to  secure  as  many  representative 
cuttings  as  poasible  and  to  insure  brevity  In  presentation. 

Acknowledgments.— In  conducting  this  Investigation  many  peo- 
ple have  been  called  upon  for  assistance.  The  State  Fruit  Inspection 
Service  has  time  and  again  rendered  the  greatest  aid  In  locating  suit- 
able orchards.  To  Messrs.  Chas.  Andrus,  Porbes  E.  Bailey,  C.  P. 
Clausen,  W.  L.  Close,  P.  S.  Darlington,  M.  L.  Dean,  F.  E.  DeSellem, 
George  Ferguson,  I.  H.  Fletcher,  Charlea  Oalbralth,  Frank  George, 
Chas.  W.  Hauck,  Geo.  Isaman,  E.  B.  Kelley,  Harry  L.  Miller,  T.  O. 
Morrison,  Luke  Powell,  Chas.  L.  Robinson,  R.  C.  Stockdale,  S.  W. 
Dsher,  C.  L.  Whitney,  J.  B.  Wiley,  C.  B.  Wood,  E.  G.  Wood  and  others 
ot  the  State  Horticultural  Division  we  express  our  appreciation  of 
their  courtesies  despite  numerous  Intrusions  upon  their  time.  Manu- 
facturers and  dealers  In  spray  materials  have  given  friendly  aid  in 
these  experiments.  To  the  owners  of  the  various  orchards  who  have 
often  suffered  financial  loss  from  the  application  of  a  weak  or  an 
untried  Insecticide,  our  gratitude  ts  due.  The  authorities  of  the  Ex- 
periment Station,  Directors  R.  W.  Thatcher,  Ira  D.  Cardiff  and  E.  C. 
Johnson,  have  been  particularly  sympathetic  and  have  made  It  possi- 
ble to  defray  from  the  Adams  research  funds  the  major  expenses  of 
the  investigation.  The  Assistant  Entomologists  of  the  Experiment 
Station,  at  first  M.  A.  Yothers  and  later  Anthony  Spuler,  have  helped 
In  making  all  applications  and  have  shared  in  the  tedious  lahor  of 
classifying  the  many  thousands  of  scales  recorded  in  the  following 
pages. 

Folysulphid  Spnkys.— When  sulphur  and  lime  are  boiled  in  a 
small  qaantity  of  water  a  chemical  reaction  sets  in  resulting  In  the 
formation  of  new  materials,  the  polysulphlds  of  calcium,  which  give 
a  reddish-yellow  color  to  the  Uauld.  The  polysulphlds,  represented 
by  the  chemical  formulae  CaSi,  CaSi,  and  CaSi,  are  not  stable  sub- 
stances. They  are  eager  for  oxygen,  with  which  they  unite,  to  become 
converted  first  into  calcium  thlosulphate,  or  CaSgO^  and  ultimately 
Into  calcium  sulphate,  or  CaSO^.    It  is  this  affinity  for  oz>-gen  which 
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la  supposed  to  ^ve  lime-sulphur  at  least  part  of  its  Insectlcidal  Tslue, 
for  It  the  oxygeo  is  fumiehed  by  the  Insect  which  has  been  sprayed 
death  results  from  chemical  suffocation.  Similar  reactlotiB  take  place 
when  sulphur  is  helled  with  potash,  lye,  or  baryta,  forming  tbe 
polysulphlds  of  potassium,  sodium  or  barium. 

Progressive  Inunonlty. — Curves  plotted  from  the  early  Informa- 
tion regarding  the  action  of  lime-sulphur  sprays  on  San  Jose  scale 
indicated  that  year  by  year  this  Insect  was  becoming;  increasingly 
tolerant  to  this  universally  used  Insecticide,  particularly  in  the  Snake 
River  Valley.  Whether  this  indication  was  due  to  faulty  informa- 
tion, to  Insutficlent  data,  or  to  an  actual  progressive  acclimatisation 
it  is  now  impossible  to  determine.  As  will  be  shown  by  the  sub- 
sequent pages  the  scale  In  the  lower  Clarkston  flata  has  throughout 
the  investigation  manifested  an  astounding  resistance  to  polysnlphid 
sprays,  but  this  resistance  had  reached  its  apparent  maximum  by  tbe 
time  the  investigation  was  begun. 

Judging  from  the  changing  nature  of  many  other  species  there 
is  no  inherent  reason  why  the  San  Jose  scale  should  not  become 
altered  In  its  ability  to  withstand  the  action  of  an  insecticide.  Algae 
living  in  hot  springs,  the  petroleum  fly  that  develops  In  crude  petro- 
leum, insects  breeding  in  the  hypertonic  water  of  alkali  lakes  or  of 
brine  vats  are  outstanding  examples  of  the  possibility  of  survival  In 
a  changed  environment  that  would  have  originally  been  fatal.  Ex- 
perimentally it  has  been  possible  to  produce  altered  races  of  bacteria 
and  protozoa  by  subjecting  them  generation  after  generation  to  solu- 
tions of  increasing  toxicity.  Quayle  has  recorded  the  existence  of 
local  races  of  orange  scale  Insects  tolerant  to  the  usual  fumigalion 
with  cyanide-gas. 

When  scales  are  sprayed  wih  llmc-aulphur  they  are  virtually  all 
subjected  to  a  new  environment.  If  the  bath  were  absolutely  lethal 
all  scales  should  succumb.  But  it  is  a  matter  of  repeated  experience 
that  scales  do  not  all  die  at  the  same  rate  and  that  here  and  there 
some  particularly  vigorous  individuals  remain  alive  and  groTing 
until  after  the  lime-sulphur  has  dissipated  its  insectictdal  properties. 
Thus  among  individuals  inherently  varying  in  tolerance  there  are  t 
few  per  IDOO  or  per  10,000  that  are  completely  resistant  and  these 
are  selected  through  the  action  of  the  spray  to  be  the  sole  progenitors 
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o(  BubBequent  Eeneratlone.  If  each  generation  were  sprayed  Bucb 
BurvivorB  could  plauBlbly  produce  a  race  apon  vtalcb  llme-Bulphur 
would  ultimately  have  little  or  no  effect.  But  where  four  Bummer 
geDer&tfonB  or  bo  are  permitted  to  breed  with  no  inblbiting  sulphur 
effects  otber  than  might  come  from  the  thin  crust  of  residue  the  ad- 
vantage gained  would  become  lost  by  regression.  There  is  also  the 
possible  explanation  to  consider  that  tolerance  to  lime-sulpfaur  need 
not  be  hereditary.  The  indlridualB  that  become  acclimatized  to  a 
lime-sulphur  coating  may  be  somatically  modified  without  genotyple 
selection.  Each  wintering  generation  would  then  reacquire  its 
tolerance. 

Restricted  Distribution. — That  the  San  Jose  scale  manifests  dif- 
ferent behavior  in  different  districts  is  apparent,  The  continued  de- 
vastation year  after  year  at  Clarkston,  despite  heavy  spraying,  is  in 
sharp  contrast  to  the  easy  control  of  the  species  about  Wenatchee. 
We  have  observed  the  present  Innocuousness  of  the  San  Jose  scale  in 
IIB  original  home  in  the  Santa  Clara  Valley  of  California,  where  the 
race  is  apparently  dying  out.  Outside  of  the  austral  life  zones  the 
speciee  has  rarely  obtained  a  foothold.  In  the  State  of  Washington 
the  transition  life  zone  is  virtually  free  of  San  Jose  scale.  We  have 
repeatedly  endeavored  to  raise  the  species  at  Pullman,  invariably 
without  success.  Literal  millions  of  scales  have  been  brought  to 
Pullman  only  to  perish.  We  have  tied  scores  of  scaly  apples  on  trees; 
ve  have  time  and  again  intertwined  scaly  branches  on  young  apple 
trees;  ve  have  tried  to  graft  scaly  bcIohe;  we  have  painstakingly 
transferred  thousands  of  new-born  young  on  to  potted  trees  In  the 
iusectary;  and  yet  every  attempt  has  failed  to  acclimatize  the  scale 
to  Pullman  conditions.  A  few  of  the  transferred  scales  In  the  In- 
sectary  have  lived  to  complete  part  of  their  development,  but  have 
covered  themselves  with  a  loose,  fuzzy,  whitish  exudation  wholly  un- 
like the  normal  flat  scale.  Why  some  scales  can  withstand  the  drastic 
action  of  a  spray  treatment  yet  all  succumb  to  the  subtile  Influences 
of  the  transition  life  zone  is  still  a  mystery.  The  bearing  of  the  re- 
stricted distribution  on  the  application  of  horticultural  quarantine 
laws  Is  obvious. 

diaracterisUcs  of  the  Habitat  of  the  San  Jose  Sc«I«. — ^Within 
the  austral  life  zone  in  Washington,  following  the  valleys  of 
the  Columbia  River  and  its  tributaries,  conditions  are  remarkably 
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homogeneouB.  Although  Clarkaton  I3  some  two  hundred  and  fifty 
miles  distant  by  river  from  Wenatcbee  or  Taklma,  this  distance  does 
not  connote  a  Blmilar  great  divergence  In  altitude,  climate,  soil,  rain- 
fall, aridity  of  atmosphere,  severity  of  winter,  summer  temperature, 
length  of  growing  season,  amount  of  wind,  etc.  To  one  unfamiliar 
with  the  physiography  of  Washington  the  differences  In  response  to 
spraying  manifested  by  the  San  Jose  scale  might  be  ascribed  to  en- 
vironmental differences  due  to  the  great  distances  between  the  lo- 
calities. However,  distance  has  bad  Its  main  effect  In  the  Isolation  of 
biological  strains,  rather  than  in  the  development  of  varied  living 
conditions.  The  following  table,  presenting  some  of  the  data  that 
concern  tbe  environment  at  the  several  stations  where  tbe  ezperi- 
mente  were  conducted,  shows  the  aimilarity  in  weather  conditions 
despite  the  spread  of  the  localities. 


Table  1.     CUmatologlcal  Data  on  Spraying  Iiocallties 

A.  Physiographic  Statlsticn 


Loeklitr 

AKitddc 

Lon([tad« 

I*lllUd« 

1      AnnuKl      1 

Auial 

Utan  T«p 

Clarkston- 

757 

117 

02' 

46 

25- 

13.50 

53.: 

Lewlston 

Walla  Walla 

975 

lis 

30 

04 

17.16 

53.4 

Yakima 

1067 

120 

31 

36 

8.96 

50.8 

Wenatcbee 

1*3 

120 

19 

25 

13.57 

49.4 

Kennewiek 

370 

119 

07 

12 

6.46 

53.9 

Prosser 

661 

119 

46 

13 

8.37 

51.8 

Sunny  side 

747 

120 

00 

20 

6.79 

59.8 

Cashmere 

797 

120 

28 

31 

Moxee 

1000 

120 

31 

37 

8.9 

Pullman 

2536 

117 

10 

46 

44 

21.39 

47.4 
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B.  Mlnimam  Temperatures 


Flnt  Frott 


1S12  WcMlchH 

Lcniiton-Clarli  Hon 
Yaklmk-MoiM 
Walla  Walla 

1»I3  Wcnateh«e 


Yakima' Moiea 


I^wiiton  -1 

Taklma-HoxM  -1 

WaUa  Walla 
191T  W*natche« 

Lewliton 

Taklma 

Walla  Walla 
lOie  W(iiauli«e-Trinidad 

lAwlaton 

Taklma 

Walla  Walla  1 

l»ie  Wcnatchaa-Trinidad 

LewUMn 

Taklma 

Walla  Walla 
1920  WenatchM'Trlnldad    1 

Lcwiaton  1 

Yakima  1 

Walla  Walla  ] 

1021  WeoateliM-THiildBd    l 

Lcwiiton  I 

Taklma  I 

Walla  Walla  I 
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BeUtlon  of  Winter  Weather  to  Vlt«ll(j-  ot  Scale. — ^Tbe  relation 
of  severity  of  winter  weather  to  the  vitality  of  scale  during  the  aub- 
aeinent  spring  la  shown  by  coiuparlug  the  temperature  record  with 
the  mortality  data.  The  temperature  at  Weaatctaee  usually  ranges  a 
few  degrees  colder  than  at  Clarkston  and  since  Wenatchee  scales  are 
less  sturdy  the  Inference  might  be  drawn  that  the  difference  la  due 
to  colder  weather.  Again,  the  scale  at  Clarkston  was  most  easily  de- 
stroyed during  the  apriag  of  the  years  1914,  1916  and  1920.  when 
the  minimum  temperatures  attained  5,  -13  and  -23  degrees  respec- 
tively. At  Clarkston  the  scale  manifested  most  resistance  during 
191S,  1917  and  191S,  when  minimum  temperatures  registered  8,  i 
and  6  degrees  reepectively.  Such  evidence  would  Indicate  a  definite 
correlation  between  winter  weather  and  subsequent  vitality  of  the 
San  Jose  scale.  While  in  general  this  is  undoubtedly  true,  the  evi- 
dence over  a  period  of  years  at  Wenatchee  shows  in  part  negative 
correlation,  and  therefore  lessens  the  absolute  value  of  this  con- 
clusion. At  Wenatchee  best  resuitB  were  had  during  the  years  1915, 
1919  and  1921,  when  minimum  temperatures  reached  1,  T  and  II 
degrees.  The  scales  showed  greater  resistance  to  sprays  in  1913. 
1917  and  1918,  when  minimum  temperatures  preceding  the  spraying 
were  -3.  -7  and  4  degrees,  respectively. 

The  Spraylns  ExperliiientH 

Experiments  of  1908  and  1910.^-The  experiments  ot  Piper  sug- 
gested that  the  degree  of  caucentiation  of  lime-sulphur  was  not  all 
important,  inasmuch  as  a  spray  used  at  half  the  customary  strength 
gave  erricient  returns.  Shortly  afterward  the  Division  ot  Chemistry 
of  the  Washington  Experiment  Station  collected  numerous  aamples  of 
lime-sulphur  as  prepared  and  successfully  used  by  various  fruit 
growers  of  the  Wenatchee  district.  Strange  to  say,  owing  to  the  dif- 
ftcultiea  of  home  preparation,  not  one  of  these  samples  analysed  to 
the  expected  strength.  The  fact  that  sprays  weaker  than  4  degrees 
Beaume  were  being  extensively  employed  led  the  present  entomolo- 
gist in  1908  to  try  out  in  a  preliminary  way  at  Clarkston  various  con- 
centrations of  lime-sulphur  with  a  view  of  determining  the  most  eco- 
nomical effective  strength  to  recommend  for  San  Jose  scale.  The 
results  observed  two  weeks  later  are  summarized  in  the  following 
table. 

12 
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T«bl«  2.     Experimental  Spraying  at  Ctorksloa,  1908 


Matert&l 

Factory-made  llme-BUlpbur 
Factory- made  lime-aulphur 
Factory-made  lime-aulphur 
Factory-made  lime-sulphur 
Home-made  lime-sulphur 
Home-made  lime-aulphur 
Home-made  lime-sulphur 
Home-made  lime-aulphur 


In 


•In   I 


Average  %  Alive 


l:H  1.4 

1:17  3 

1;2:4  80 

1:1:4  0 

1:1:5  0 

1:1:6  Many  alive 

>t  [MlDrr-mkde  llms-ialphnr  ftiw  given 
;  homemade  limt'ttilphat  In  paondg  at 
ler;  dIT  iDlphld  pnpirktlona  In  pounds 


!ri>l  to  iL'lon*  of  vatc^r. 

The  erratic  nature  of  lime-sulphur  was  ahown  by  this  experl- 
meut.  For  instance.  In  the  First  teat  a  dilution  of  1:8  gave  complete 
kill  on  three  trees  and  but  80  per  cent,  kill  on  the  fourth.  Two  trees 
sprayed  with  one-half  this  atrength  (1:17)  showed  much  better  re- 
turns than  the  fourth  tree  mentioned. 

In  1910  almllar  experiments  were  conducted  at  Walla  Walla. 
Again  Individual  trees  were  drenched  with  the  spray  to  be  tested 
and  in  about  two  weeks  representative  areas  of  the  bark  were  exam- 
ined under  the  hand  lena  and  by  cruahlng  the  immature  insects  the 
percentage  of  mortality  was  determined.  The  results  of  these  tests 
are  summarized  In  Table  3. 

Table  3.     Experintental  Spraflugs  at  Walla  WaDa,  1910 

Material  Dilution  Average  %  AUve 


Factory- made  lime-sulphur 

1;1T 

Factory-made  lime-sulphur 

1:9 

Factory-made  lime-aulphur 

1:11.6 

Factory-made  lime-sulphur 

1:14 

Factory- made  lime-sulphur 

1:16 
1:8 
1:10 

Orwood 

Or  wood 

1:12 

Orwood 

1:14 

Check 

una  prayed 
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Orwood  wsa  a  wood  distillation  product  consisting  mainly  ot 
crude  pyroligneous  acid.  Applied  at  full  etrengtli  to  a  branch  of  a 
blossoming  peach  tree  It  killed  the  branch  but  not  the  Lecanlum 
scale  insects  on  the  branch.  Full  strength  lime-sulphur  similarly 
applied  did  not  injure  either  the  branch  or  the  Lecaniums.  Orvood 
used  1:E  OD  peach  branches,  however,  did  no  harm.  It  was  this  ex- 
periment that  an  overzealous  reporter  heralded  In  the  morning  news- 
paper as  having  killed  or  injured  every  tree  treated  with  Orwood, 
and  the  afternoon  newspaper,  elaborating  on  the  morning  account, 
announced  that  the  entire  orchard  was  destroyed.  Truly  the  peach 
branch  had  multiplied  during  the  day.  Libel  suit  by  the  manufac- 
turers ot  this  innocuous  material  was  averted  only  by  the  editorial 
retraction  that  an  investigation  disclosed  that  there  was  no  founda- 
tion for  these  statements  and  that  It  was  etrange  that  a  state  official 
should  thus  pervert  the  faciei 

ExperfmenU  in  ]Ql2.^Beginnlng  with  1912  the  experiment  was 
expanded  and  results  were  thereafter  computed  on  the  basis  of  micro- 
scopic dissections.  The  Introduction  of  several  specific  remedies  for 
San  Jose  scale  enabled  a  comparison  between  treatments  with  stand' 
ard  lime-sulphur  and  with  the  newer  sprays.  Through  cooperation 
with  several  of  the  district  fruit  inspectors  sprayed  branches  were 
secured  and  where  full  data  were  forthcoming  the  results  from  check- 
ing such  branches  are  worthy  of  record.  In  order  to  condense  the 
statistical  Information  as  fully  as  possible  only  the  moat  pertinent 
data  are  enumerated  in  the  following  tables. 
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Table  4.     BMnlte  of  Spraying  tor  San  Jos«  Scale,  1912 

A.     Experimental  Spraying  at  Clarkston  (Examination  17  days  after 

application) 

Material  used  No.  Scales  %  Alive 


Check 

Lime-eulpbur 

26     deg. 

Lime-aulphur 

5.3  deg. 

Lime-sulphur 

4.5  deg. 

Llnie-sulphur 

3     deg. 

2     deg. 

Lfme-sulpfaur 

H4:«:5  (3deg.) 

Lime-sulphur 

1:2:5 

(3  deg.) 

Lime-sulphur  &  Fe  SO4 

Lime-aulphur  &  NaCl 

Lime-aulphur  &  CaO 

Crest,  4% 

Crest,  2% 

Scalecide.  10% 

Scalecide,  5   < 

* 

97.0 
74.* 
85.7 
73,3 
93.7 
78.8 
96.0 
97.8 
9S.7 
46.7 
63.3 
79.5 
63.0 
16.4 


Scalecide,  5   <:t 

1214 

68.4. 

B.     Growers'  Applications 

Localitr                 MiterUI  Ui^d 

Dsn 

Examined 

■To    AllT. 

,  2:1:9  =  3^   d«g 


WeDDtcIiet 


Kfx  L-a., 


Wenatehee  R«i  LS.,    1:10  S  3TT  e.S 

WenatchM  Rtx  L-S.,    1:11}  12  1S91  O.S 

W»ll»Wall«  Rei  L-S,.    1:8  20  218  25.0 

Wftwawai  L-S.,    15:15:50,  hot                   38  051  O.T 

ClarlutoD  Lime- sulphur    6  drg.                 TS  415  21.7 

Clarkaton  LS..   3:*:10.   3  ^pKcnllonB  807  52.8 

In  explanation  of  the  formulae  In  Table  3,  the  lime-BuIphur  was 
furnished  by  the  Rex  Spray  Company;  1:2:5  Indicates  1  lb.  sulphur 
and  2  lbs.  lime  boiled  and  diluted  to  malie  S  gallons;  Crest  spray  was 
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manutactured  in  Seattle,  its  principal  Ingredient  being  fir  oil;  the 
last  citation  for  Clarkaton  repreeented  tbree  euccesslTe  hot  applica- 
tions during Marcb,  the  second  one  week  after  the  first  and  the  third 
two  weeks  later,  the  scales  being  counted  April  12. 

A  perusal  of  the  data  of  Table  4  shows  that  in  1912  the  San 
Jose  scale  at  Clarkaton  behaved  in  a  different  way  from  the  scale 
elsewhere  In  Washington.  It  was  so  remarkablr  resistant  to  lime- 
sulphur  ot  whatever  strengtb  that  even  seventeeu  days  after  the 
spraying  the  Insects  showed  but  little  effect  from  their  polysulphld 
bath.  At  Walla  Walla  the  scale  showed  partial  tolerance  but  in  the 
other  districts  of  Washington  the  San  Jose  scale  was  held  in  practical 
control  br  treatments  of  lime-sulphur.  It  must  be  mentioned  that 
Table  4  includes  only  those  counts  where  the  time  between  spraying 
and  counting  was  known.  Forty  additional  samples  were  examined 
from  other  localities,  submitted  by  the  fruit  inspectors  a  reasonable 
time  after  the  applications  had  been  given,  but  as  the  exact  date  of 
spraying  was  not  known  the  data  are  not  here  presented.  These 
samples,  however,  confirmed  the  previous  conclusion.  In  every  In- 
stance Ciarkston  scales  showed  remarkable  resistance  as  compared 
with  those  from  other  localities. 

Experiments  In  19 IS.— The  fact  that  lime-sulphur  la  generally 
a  valuable  treatment  for  San  Jose  scale,  and  that  while  formerly  it 
was  effective  at  Ciarkston  it  does  not  now  afford  complete  control, 
caused  the  entomologists  to  conduct  the  investigation  with  a  view  to 
the  possibility  of  a  progressive  immunity  >>elng  established  in  the 
lower  Ciarkston  district.  In  order  to  have  definite  means  of  compari- 
son Identical  aoiutlons  were  applied  by  the  Experiicent  Station  ento- 
mologistD  in  March,  1913,  at  Ciarkston,  Walla  Walla,  Kennewick, 
Sunnyside,  Yakima  and  Wenatchee.  Samples  from  the  sprayed  trees 
were  examined  three  times  at  approximately  biweekly  intervals.  Dis- 
cussions ot  some  ot  the  results  ol  the  1913  experiments  have  been 
given  In  the  Journal  of  Economic  Entomology,  Vol.  TIL,  pp.  IGT-ITS 
(Apr.  1914}  and  in  the  Tenth  Report  Washington  State  Horticultural 
Association,  pp.  134-141  (1914).  The  data  from  the  counts  are  pre- 
sented in  Table  S.  It  will  be  noticed  In  this  table  and  elsewhere  that 
sometimes  a  thousand  and  more  scales  are  insulficient  to  establisk 
a  rate  ot  mortality  in  conformity  with  expectancy.     Such  discrepsB- 
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cieB,  due  to  local  differences  In  vigor  of  scale  or  host,  emphasize  the 
need  of  many  counts,  repeated  rear  after  year.  In  order  to  determine 
the  absolute  value  of  treatments. 

Table  B.     Experimental  Spnytage,  191S 
A,  Clarkston.     (3977  Checks,  average  71%  allve.> 

HaMrial  ^SaltV  "S-   ■*"'•  ^S»£«*  *    *"'"'  *acS«'    ^    *"'• 

Ume-tDlphnr,  6  dag. 
Lime'iolphDr.  3  d«ff. 
Llme-iDlpbar,  2  ieg. 
Liiae-lalphar,  1:2:5 
Lime-mlplmr,  l:li;5 
Sods'iulptaar,  3  dsg. 
Oreb»rd  miie.  oil  S% 
Spr*niDl)lon.   1:15 

10% 


1:40 


5780 
5B» 
ISflS 

1370 

4eee 

BOSS 
Sfi4B 
4961 
4BS2 


S4T0 

2eis 

SB  32 
4404 

53TS 
1028 
BSBS 


B.  Walla  WalU.     (823  Checks.  44?,  alive.) 

Liin*-*Dlpbar.    5   deg.  I0S3  T6  2150 


Umf-anlphnr 

Lime- III  Iphiir,    2   dig. 

Llme-Mtphor.     l:!i:5 
Orchard  oil.    5?. 
Fur!  oil  email. 
Ke»  L-3..   3  deg. 


788 

17 

1600 

1274 

1757 

3 

Crude  oU  emiilt. 

1162 

T                 803 

0 

6885 

0 

G.     Kennewlck,  (362  Checks 

88%  alive.) 

Limf-enlphnr,    5   deg. 
Lime-iDlphur,  3  deg. 

Orch.rd  oil.   8% 

2180 

41            8806 

0.6 

D.  Prosser. 

Lime-Bulphor, 


S391)  alive.) 

Llmc-anlphDr,  6  deg. 

728 

60 

1322 

865 

O.O 

Linie-tBlptmr.    3    deg. 

asB 

1038 

930 

0,6 

laofl 

£8 

4843 

03 

4081 

14.745 

0.8 

Orehard  oU,   B% 

10,820 

0,0 

end*  ail  nnaJtlciii 

Kpr«mii1.lon.  8% 

1489 

50 

2378 

8534 

2.4 
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F.  Yaktma. 

(1020  Checks.  93^c  alive.) 

Il>t<iri 

'        ^L^T  ^  *""  'L.TJ'  ^  ^'" 

45  Dor- 

r-   Aliie 

Orchud  oil,  5?s 
SprunuliiOD,  <S% 
Crnde  oil  cmultlon 


3IS0 
2110 
3760 


G.  Wenatchee.     (1048  Checks,  78%  alive.) 


oil  emuU. 


a730 


Enperimeiita  In  1914. — During  the  spring  of  1914  the  Entomolo- 
gist was  abeent  on  leave  and  the  spraying  experiments  were  con- 
ducted and  recorded  by  M.  A.  Yothers.  Table  6  summarlKCs  the  re- 
sults obtained. 

Table  6.     Spraring  Experiments,  1914 
A.  GlarkBton.     (755  Checks.  Sl'Tr  alive.) 


Llm«-guJphnr,  2  deg. 


17*5 
32S7 

3527 
£023 


B.  Walla  Walla. 

Llm«-soiphur,   5  A<^g. 

Lime-ialplinr,  8  d*e. 

4379 

Llme-solphur,  1:14:5(2.5  d^B 

Sodi-iulphor,    S    dee. 

2359 

Orchard  miie.   oil,    1:15 

Orchurd  ml.c.  oil.    1:20 

2880 

CrudB  oil  cmuli.,    1:10 

6077 
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C.  Sunny  Bide. 


8  dfg. 

jose 

B  d«i.  Jt 

LlD*.>a]ph<>r. 

:i4:fi 

iseft 

Sodk-nlphnr. 

1  d,g. 

a9i* 

Orchard  mlic. 

oil,   1:1S 

Orchard  mite. 

oU.  1:20 

8745 

:10 

BMT 

Fnrl  oU  cmnl 

Crude  oil  tma 

Redwood'*  ip 

•T.  1:10 

2320 

UiiM-iillphnr,  S  d»B. 

3431 

Liae-wlphu-.   8  d.g. 

Ume-.nlphnr,    l:tt:5 

16»3 

SodK-mlphar.  3  d«g. 

BOS* 

Orchard  niiic.  oil,   1:15 

Orchard  mlic,  oil,    1:20 

Cmdo  oil  emoU.,   1;10 

3841 

B»dwood'i    ipray,    1:10 

1505 

E.  Commercial  Spraying  at  Clarkston. 


Fnel  oil  coals 

(LanndiT 

Fncl  oil  cmuU. 

(Whalo-oU 

Foel  oil  emola 

4iao 

6206 
4275 

44T0 


D.n.iized  by  Google 


Notes.— Fuel  oil  or  crude  oil  emulBlon  was  based  on  1  qt.  oil. 
E  ozB.  fish  oil  soap  and  0.8  oz.  lye,  boiled  with  enfttcient  water  and 
tben  diluted.  The  Orchard  Brand  mlsctble  oil  was  obtained  from  the 
Thomson  Chemical  Company,  Baltimore.  SpramuUlon  was  prepared 
by  the  Roger's  Chemical  Company,  San  Francisco.  Redwood's  spray 
was  a  sulphid-containing  euiuUlon  locally  manufactured  in  the  Yaki- 
ma Valley.  Crest  Spray,  a  wood  distillation  product,  was  prepared 
by  the  Crest  Chemical  Company,  Seattle,  and  was  used  at  prescribed 
strength. 

Obsemttlons.— Fuel  nil,  the  residue  after  the  volatile  gasoline 
and  kerosene  have  been  removed  from  crude  oil.  Is  difficult  to 
emulsify.  Hence  where  growers  have  tried  to  utilize  fuel  oil  their 
spraying  has  usually  been  spotted.  Some  parts  of  the  bark  have  been 
drenched  with  oil  with  entirely  effective  results  against  the  scale  in- 
sects, but  with  doubtful  safety  to  the  trees,  while  adjacent  portions 
have  been  wet  with  water  and  a  little  emulsifler.  In  such  areas  the 
scales  show  little  or  no  effect  from  the  spraying.  Such  Irregularity 
in  spread  from  a  poorly  made  emulsion  has  caused  many  a  grower  to 
abandon  the  usage  of  home-made  oil  sprays. 

On  September  II  an  Inspection  was  made  of  the  trees  sprayed 
In  the  Clarkston  experiments.  All  the  trees  showed  much  scale  on 
twigs,  leaves  and  fruit.  Apparently  the  oil-treated  trees  were  more 
nearly  treed  of  scale  in  the  spring,  hut  summer  Invasions  negatived 
the  results,  the  scale  insects  lielng  better  able  to  thrive  on  the  oil- 
cleaned  bark  than  on  trees  still  showing  the  residue  ef  lime-sulphur. 
Throughout  the  lower  Clarkston  district  the  aai\  Jose  Scale  was 
abundant,  rendering  nearly  all  fruit  unmarketable. 

Kxperlmeiits  of  1916. — In  the  spring  of  1916  more  attention 
than  previously  was  given  to  this  project.  Additional  materials  and 
concentrations  were  tested  and  results  were  tallied  at  three  biweekljr 
periods  with  a  further  count  later  at  Clarkston  and  Yakima.  As  here- 
tofore Clarkston  scales  showed  a  most  remarkable  resistance  to  poly- 
sulpbid  sprays,  white  Wenatchee  scales  showed  g~eat  susceptibility 
to  spraying.  In  fact  at  Wenatchee  great  difficulty  was  experienced 
In  finding  sufficient  scale  Insects  for  experiments.  The  data  of  Table 
7  summarise  the  results. 
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Table  1.     Sprajring  ExpMiiueats,  1915 

A.  Clarkflton  {1239  Checks.  88.4%  alive.) 


HBtcrial 

20d.r 

SS  d*71 

BO  d«Tt 

70d«r» 

Total 

% 

ToUl 

% 

% 

ToUl       % 

8»«lM 

Alive 

8t*le( 

AllTS 

Salee 

Alive 

8«U 

Alive 

Ln8..    10  de(. 

loss 

ss.e 

1214 

41.S 

510 

2T,5 

037 

43.8 

L-8.,    5  des. 

OSO 

42.S 

1^8.,   8  de(. 

02 

1058 

58.7 

46.5 

I-S.,   2  des. 

sai 

700 

604 

D-8.,    l:ii:5 

088 

50.8 

477 

80,5 

1,8.,   l:l:5 

82G 

72 

600 

870 

60.2 

S'8.,   3  d«i. 

oaa 

027 

625 

44.3 

8-8..   2  d«». 

037 

«8.4 

8-B..  lit  i*t- 

8S1 

84 

63.4 

705 

50.4 

8se 

OS 

78.5 

510 

400 

Callold   8. 

1065 

84.0 

678 

58.9 

NaOH.  S  d«i. 

358 

83.2 

419 

88,7 

Hn».  a  i*t- 

Orclisrd  em..  S7« 

1403 

8 

SIS 

622 

8.2 

D.   8.  0..  10% 

789 

20 

870 

0-2 

685 

0.0 

D.  a.  0..  5% 

11.5 

541 

4.0 

Mtoc.  Mo.   I.   10% 

425 

2 

436 

0.0 

MiiB.,  Bo.  1  5% 

ISBO 

027 

1.8 

Bnggo,    5% 

84, 

477 

8S.4 

53.7 

Crnda  all,  10% 

708 

32 

023 

17.1 

lOOS 

Crude  oil.   8% 

838 

3.S 

Crude  oil,   5% 

SS8 

40 

403 

04 

678 

3,5 

Pnel   oil,    10% 

521 

Fnel    oil,   5% 

725 

817 

5.3 

3.5 

Great,   10% 

045 

24 

81.B 

723 

Cr«.t,   a% 

7SS 

84 

898 

Dak*  powder 

505 

87.3 

425 

84,5 

Check 

1230 

88 

238 

98.4 

S37 

04.2 

513 

54.8 

B.  Yakima  (Sprayed  March  7.) 


NeOH.  3  del- 
Redwood's.  1:1 
Redvood'B,  1:! 
Orchard  oil.  5<^ 
Cmdo  oil.  lOTi 
Crude  oil,  5% 
Dormant  lol.  ol 


481  47.4 

642  S8.5 

1000  2s.e 

649  68.6 

1257  20.2 

785  60.5 
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C.  Yakima  (Sprayed  March  26) 


Tolal 

% 

ToUl 

% 

Tcl«l 

% 

&»1ei 

Alive 

SttlM 

Al 

ve 

SCBlO 

AliTe 

dej. 

Llmc-iDlphnr. 

d.«. 

105 

4: 

fl 

14S 

4t 

dee. 

4 

B4 

B-e.,  3  d«i. 

246 

41.8 

43e 

b; 

0 

8.8.,  2  dog. 

41 

4 

226 

4! 

8-8.,   I  d«E. 

350 

2 

NtBx,    8    d>«. 

S54 

S4.4 

786 

SI 

840 

*f 

N.Si,    1   d.e. 

749 

80.4 

588 

28 

S 

1217 

26 

Tol«l 

% 

l^ul 

t                 Totkl 

% 

S«le» 

Alive 

Scales 

Al 

ve            8e4l« 

Allw 

1^8.,    3   df(. 

L-8..  3  dn:. 

L-8..  2  d*g. 

668 

57.8 

1250 

h; 

3              1364 

26.1 

I.-8..    1:»:5 

S-3..  3  dec 

830 

31.8 

1050 

S5 

8.S  2  d<(. 

723 

936 

42 

T                 SS6 

45.3 

Oreh.rd  oil,   5% 

Crnde   oil,    10% 

1010 

10.0 

1086 

1 

5                 043 

Cmd.  oil.  5% 

1000 

1( 

3                 851 

58.7 

Chack 

885 

00.8 

643 

93 

5                 845 

7B.S 

E.WenatcIiee  (Sprayed  March  11) 


ToUJ 

% 

TotiJ 

0                 ToUl 

% 

Soles 

Aliye 

Scales 

Al 

ve            8cal« 

AllVF 

h-B..  8  deg. 

8                 379 

l.B 

L-a..  2  d*g. 

2.2 

L-3..  l:W:5 

518 

B7.B 

648 

: 

5                 272 

1.8 

t>.S.,  2  dee. 

1                 114 

Orch.rd  oil,   5% 

0.0 

Cndo  oil.  10% 

520 

540 

( 

0                 423 

0-0 

Crud.  oil.  5% 

Chfclc 

481 

35,8 

353 

66 

0                 230 

45.2 

F.  SunnyBide  (Sprayed  March  5) 


32  d.,. 

39 

d.y» 

L-8.,   5  dej. 

1.-8..   3  deg. 

L-a,  3  der. 

556          23 

1T3 

21 

1 

S-B.,   8  deg. 

8-a..   2   d>K. 

3B4 

OrelUTd  oil  5% 

Crude  oil,  10% 

1109            3 

898 

Cnido  oU,  5% 

660            C 

ChfCk   (Poplar) 

6T9          83 

708 

03 
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G.  Commercial  Spraying  at  Walla  Walla:  Interval  10  daya. 

UklHlal  TduI  7d  Alive 

BuKo,  i47f  sao  0.5 

D.  S.  O..  T^t  fl*3  0.0 

L-S..  SU   dcg.  616  92.0 

L-8.,   5  ieg.  ITS  52.3 

Notes. — Soda-sulphur,  abbreclated  S-S,  in  the  tables,  waa  used 
at  the  rate  of  1^  lbs.  to  5  gallons,  testing  3  degrees  B.,  and  1  lb.  to 
5  gallons,  testing  2  degrees.  The  soda-sulphur  used  was  the  Niagara 
Soluble  Sulphur  Compound.  Inasmuch  as  this  insecticide  was  be- 
ing given  wide  publicity,  an  extensive  factory  being  established  at 
Seattle  for  its  general  use  at  ultra-weak  dilutions,  more  attention 
than  previously  was  given  to  this  material  In  the  experiments.  A 
synthetic  soda-sulphur  waa  tried,  made  at  the  suggestion  ot  George 
Olson,  Washington  Station  Chemist,  according  to  the  following 
formula: 

Freshly  ppt.  sulphur  liquid 2  qta. 

Hypo   (Na^,0,)    2  ois. 

Lye  (NaOH  or  KOH)    1  oz. 

Sodium  sulphite  (Na,SO,)    %   oz. 

Water    1  qt. 

These  ingredients  were  also  tried  separately.  Precipitated 
collodlal  sulphur  was  prepared  by  adding  a  little  more  than  i  ozs. 
hydrochloric  acid  to  the  quart  of  concentrated  lime-sulphur,  pre- 
viously diluted  1  to  13.  It  will  be  noted  that  neither  the  synthetic 
compound,  nor  its  ingredients,  showed  any  practical  Insectlcldal  value 
and  at  Clarkston  the  factory-made  product  likewise  gave  a  negative 
reaction. 

Buggo,  a  California  oil  product,  could  not  be  well  emulsified. 
Similar  experience  was  reported  by  various  fruit  growers,  although 
good  results  were  said  to  be  obtained  In  California  with  this  brand. 
Dake  tree  powder  was  administered  In  a  %-lnch  auger  hole  In  the 
trunk.  It  proved  to  be  worthless.  Crest,  used  at  6  per  cent  and 
10  per  cent  strength,  altho  its  accompanying  directions  prescribed 
1:50  for  winter  spray,  gave  no  appreciable  benefit.  Particularly  at 
Sunnyslde,  where  the  water  is  heavily  charged  with  alkali,  it  was 
found  difficult  to  emulsify  crude  oil.  Results  from  spraying  with 
crude  oil  emulsion  were  generally  erratic.     Spots  where  many  live 
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acBles  were  found  adJolDed  areas  vbere  the  kill  was  perfect.  It  ap- 
peared as  It  wltb  the  heterogeneous  emulsion  the  oil  of  the  more  con- 
centrated portions  failed  to  spread  to  tbe  scales  wet  wltb  the  more 
water?  portion  on  aubseaaent  drying. 

An  abridgment  of  tbe  records  of  1916  was  publlsbed  In  the 
Journal  of  Economic  Entomology,  Volume  8,  pp.  475-430,  Oct.  1916. 
Discrepancies  In  percentages  between  those  given  in  previous  publiea- 
tlons  and  bere  are  due  to  differences  In  tbe  method  of  interpreting 
data.  In  the  articles  tbe  percentages  obtained  in  depend  entlr  by  Hr. 
Yothers  and  the  writer  were  averaged  wltbout  regard  to  tbe  number 
of  scales  examined.  In  tbe  present  discussion  tbe  tiring  and  dead 
scales  were  totaled,  irrespective  of  who  made  tbe  examination,  and 
then  the  final  percentages  were  computed. 

Experiments  In  1916. — Experiments  oil  the  vltalltj-  of  tbe  San 
Jose  scale  were  continued  In  1916  at  Clarkston,  Walla  Walla  and 
Yakima.  The  materials  used  and  tbe  comparative  effects  of  the 
treatments  are  set  fortb  In  Table  S. 
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Table  8.      Spraring  for  Sun  Jose  Bcule,  1916 
A.  CUrkston  (Sprayed  March  27;  Checks  92.4%  alive) 


Material 

Interval  28  days 

48  days 

Total 

% 

Total 

% 

ScaleB 

Alive 
0.2 

Scales 

Alive 

Lime-Bulphur,  10  deg. 

~  1256   "" 

1163  ~ 

0.5 

Llme-Bulphur,    5   deg. 

148S 

2.1 

1861 

1.2 

3171 

3.8 

1719 

3.1 

Ume-8ulphur,  2  deg. 

1284 

2.9 

750 

1.2 

S-S..  6  deg. 

207 

12.1 

653 

4.3 

S-S.,  3  deg. 

1077 

6.9 

1347 

6.2 

S-S..  2  deg. 

1303 

20.4 

1404 

7.6 

S-S.  liquid,  5  deg. 

754 

6.8 

681 

0.0 

S-S.  liquid.  3  deg. 

1103 

S.O 

882 

3.G 

S-S.  liquid.  2  deg. 

1103 

6.0 

1204 

3.6 

B.  T.  S..  3  deg. 

799 

13.3 

939 

17.8 

Orchard  oil.  5% 

1214 

0.0 

K40 

0.1 

D.  S.  0.,  6% 

606 

37.3 

984 

7.7 

D.  S.  0..  i<& 

572 

41.3 

696 

4S.6 

D.  S.  0..  3  '/<■ 

810 

56.2 

780 

44.1 

MUc.  oil,  6% 

807 

25.9 

421 

20.9 

Ker.  emulB..  10  9!: 

1208 

3.8 

934 

1.8 

Ker.  emulB..  5% 

947 

17.7 

148 

23.0 

Crude.  5%  ft  K.,  5% 

600 

0.0 

S.  S..  IH  deg.  ft  oil.  3% 

1313 

10.0 

982 

3.4 

Check 

912 

79.5 

778 

76.0 

B.  Walla  Walla  (Sprayed  March  30 

;  Checks  26.2%) 

Interval  30  days 

56  days 

Total 

% 

Total 

% 

Scales 

Alive 

Scales 

Alive 

Lime-sulphur,  5  deg. 

984 

Lime-sulphur,  3 

deg. 

929 

deg. 

1019 

S-S..  6  deg. 

940 

S-S.,  3  deg. 

1264 

S-S-  2  deg. 

649 

D.  S.  0..  6  deg. 

1246 

D.  S.  0..  6  deg. 

1178 

D.  S.  0.,  4  deg. 

1015 

Misc.  oil,  5% 

977 

L-S.,  2  deg.  ft  NIC. 

2746 

S-S.,  1  deg.  ft  Oil  3% 

1101 

Check 

1246 
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C.  Yakima  (Sprayed  April  1;  Checks  65.3%) 
Interval  30  days 
Total  % 

Scales        Alive 


52  days 

Total 

% 

Scales 

Alive 

732 

0.0 

1014 

0.4 

793 

3.0 

763 

Llme-aulpbur,  6  deg. 

999 

Lime-sulphur,  3  deg. 

1107 

Llme-Bulpiiur.  Z  deg. 

950 

Sludge.  10  deg. 

972 

Sludge,  6  deg. 

709 

Sludge.  2  deg. 

893 

S-a.,  3  deg. 

93S 

S-S.,  2  deg. 

756 

S-S.  liquid,  2  deg. 

787 

S-L.,  A  Nicotine 

1026 

S-S.  &.  oil 

720 

B.  T.  S..  3  deg. 

894 

D.  S.  0.,  6  deg. 

1134 

D.  S.  0..  E  deg. 

8S8 

D.  S.  O.,  4  deg. 

1030 

Cbeck 

416 

Cheek                                    416         55.1 

783          68.3 

D.'Commerctal  Spraying,  Clarkstou 

Material                                     Sprayed 

Interval        Total  %  Alire 

L-S.,  7  deg.;  K.  em., 

1%    Mar.  9  4  27 

54  days 

1055 

15.3 

L-S..  6  deg. 

Mar.  2  &  16 

60  days 

867 

D.  S.  O.,  6% 

Mar.  16 

47  days 

1098 

17.1 

K.  em..  m% 

Mar.  8 

53  days 

835 

19.3 

K.  em..  1% 

3  applications 

May  2 

960 

Notes. — In  making  Ume-aulphur  more  or  less  Insoluble  sludge 
always  accumulates.  This  material  consists  of  impurities  and  ox- 
idized Ume-aulphur  and  holds  a  considerable  amount  of  liquid  in  ab- 
sorption. Some  growers  bare  been  utilizing  such  sludge  in  spraying 
and  It  was  to  determine  what  Insectlcldal  value  It  possessed  that  the 
teats  were  made.  The  sludge  was  mixed  with  water  to  dilute  to 
proper  hydrometer  teat.  The  ten  degree  sludge  practically  white- 
washed the  trees. 

The  addition  of  nicotine  to  the  dormant  spray  of  llme-sulphnr  la 
a  common  recommendation.  This  combination  was  tested  to  de- 
termine If  nicotine  Increased  the  inaecticidal  value  of  a  dilute  lime- 
sulphur  when  used  on  San  Jose  scale.     A  0.1  per  cent  solution  of 
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nicotine  sulphate  (Blackleaf  40)  was  added  to  a  2  degree  lime-eul- 
phur,  but  no  betterment  was  observed. 

3oda-sulphur  liquid  was  prepared  by  boiling  together  one  part 
of  sulphur  with  0.75  part  lye,  the  beat  of  aUklng  the  lye  causing 
spontaneous  chemical  combination. 

Barlum-auiphur,  abbreviated  in  the  tables  B.  T.  S.,  from  the 
trade  name  barium  tetrasulphid,  did  not  prove  to  be  a  dependable 
treatment  for  San  Jose  scale. 

During  the  spring  of  1916  a  propaganda  advocating  the  use  of 
a  1  per  cent  kerosene  emulsion  In  dormant  treatment  for  scale  was 
heralded  through  the  Clarkston  district.  In  the  tests  a  5  per  cent 
emulsion  of  kerosene  proved  utterly  ineffective. 

The  most  widely  used  misclble  oil  In  1916  was  Dormant  Soluble 
Oil  (abbreviated  D.  S.  O.)  manufactured  by  the  General  Chemical 
Company  of  San  Francisco.  The  formula  used  at  that  time  did  not 
produce  nearly  as  reliable  an  oil  as  the  Orchard  Brand  made  from 
Pennsylvania  crude  oil. 

Owing  to  the  difficulty  of  emulsifying  heavy  crude  oil,  a  mixture 
thinned  with  equal  parts  of  kerosene  was  tried  at  10  per  cent  strength 
at  Clarkston,  with  perfect  success. 

The  material  tabulated  as  Mlscible  Oil  &  per  cent  was  an  experl- 
mental  oil  furnished  by  the  California  Spray  Chemical  Company. 

Observatlims. — By  the  time  of  the  second  count  the  males  were 
emerging  at  Clarkston. 

Red  aplder  eggs  hatched  on  trees  treated  with  llme-Bulphur,  but 
the  young  mltea  soon  died.  Eggs  were  killed  when  sprayed  with  oil 
or  soda-sulphur  liquid. 

Winter-kill  was  greater  than  usual.  At  Wenatchee  on  April  4 
an  examination  of  IDEl  scales  showed  only  IS  per  cent  alive,  the  sur- 
vival varying  on  different  branches  between  0.6  per  cent  and  46  per 
cent.    Hence  no  spraying  was  attempted  at  Wenatchee. 

An  examination  during  September  of  the  experimental  trees  at 
Clarkston  showed  severe  infestation  of  fruit,  foliage  and  branches  on 
all  trees.  Those  relatively  freest  of  scale  had  been  treated  with 
kerosene  emulsion  T  per  cent,  lime-sulphur  E  degrees  and  3  degrees, 
and  Boda-sulphur  liquid  2  degrees.  Owing  to  free  movements  of 
young  scales  In  spreading  from  tree  to  tree  observations  made  at  th» 
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end  of  the  summer  are  not  regarded  of  much  value  In  determining 
relative  value  of  spray  treatmente  in  experimental  plots. 

KxperlmenU  ot  191IT. — Spraying  ezperlraenta  were  continued 
during  the  spring  of  1917  at  Clarkston,  Yakima  and  Wenatchee. 
Dry  lime-sulphur,  Scaleclde  and  a  spray  oil  manuractured  at  Hood 
River  were  added  to  the  materials  tested.  The  results  of  the  several 
treatments  are  given  In  Table  9. 


Table  Q. 

A.  Clarkston,  (Sprayed  March  31;  Cliecks  89.4%  aUve) 

Material 

17  days 

42  days 

69  days 

1  Total  |%AUve| 

Total   1 

%Allve| 

ToUl  1 

■Jt  Alive 

Lime-sulphur.  IZ  deg. 

969 

866 

34.7 

760 

11.6 

Lime-sulphur,  5  deg. 

973 

988 

10.0 

1028 

14.1 

Lime-sulphur,  4  deg. 

1316 

677 

13.9 

1057 

11.7 

Lime-Bulphur,  3  deg. 

1430 

366 

18.0 

1233 

13.8 

Lime-sulphur,  6  deg. 

1223 

616 

19.9 

970 

9.1 

Dry  L-S..  1:4 

1758 

1008 

17.0 

1073 

22.3 

Dry  L-S.,  1:5 

1428 

1078 

15.1 

1012 

20.2 

Dry  L-S.,  1;6 

1666 

948 

17.3 

1023 

23.4 

S-S..  1:4 

lOSl 

1168 

22.2 

1123 

13.8 

S-S.,  1:6 

1456 

1128 

22.5 

1166 

33.3 

g-S.,  1:6 

1590 

975 

22.2 

1193 

20.9 

Orchard  oil,  5% 

1671 

1274 

0.9 

1255 

0.3 

D.  S.  0..  6% 

1325 

1235 

0.0 

1546 

0.8 

D.  S.  0..  G^D 

1701 

1150 

0.0 

1420 

2.5 

Scalecide,  6% 

17E0 

1070 

0.0 

1028 

0.4 

Scaleclde,   1% 

1518 

2.8 

1611 

0.2 

1065 

0.0 

Hood  River  oil.  6% 

1539 

1.9 

1031 

0.3 

1008 

1.1 

Hood  River  oil,  BCt- 

isei 

3.1 

1295 

0.5 

1515 

0.5 

Check 

788 

90.0 

1038 

52.6 

816 

55.3 

B.  Yakima  (Sprayed  April  8) 

26  days 

61  days 

Lime-sulphur.  10  deg. 

1273 

3.1 

1314 

Lime-sulphur.  5  deg. 

879 

8.0 

1117 

Lime-sulphur,  3  deg. 

1279 

1173 

Lime-sulphur.  2  deg. 

906 

1349 

S-S..  1:4 

1521 

11.4 

1021 

S-S.,  1:6 

678 

22.7 

1199 

D.  S.  0..  6% 

828 

1138 

D.  S.  0.,  5'/c 

1671 

985 

Check 

960 

67.8 

1223 

50.3 
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C.  Wenatchee  (Sprayed  April  10;  ISOI  Checks,  49.7%) 


24  days 

61  days 

Lime-sulphur, 

6  deg. 

661 

365 

0.5 

Lime-sulphur, 

3  deg. 

2037 

13.8 

1263 

1.0 

Llme-Bulphur, 

2deg. 

1136 

16.7 

1601 

0.7 

S-S.,  1:6 

636 

30.0 

293 

2.0 

D.  S.  0.,  6% 

666 

504 

0.4 

D.  S.  O..  6% 

1107 

0.0 

702 

0.0 

Checfc 

465 

68.7 

ISO 

1.1 

Owing  to  the  dearth  of  living  scales  In  sufficient  abundance  for 
experiment  at  Wenatchee  part  ot  the  spraying  vas  repeated  at  Cash- 
mere, nine  mllee  up  the  Wenatchee  River.  The  table  combines  the 
results  at  both  places. 

Experiments  In  1918. — During  the  late  fall  ot  1917  a  heavily 
infested  apple  tree  was  transplanted  from  Clarkstos  to  Wenatchee 
and  another  from  Wenatchee  to  Clarkston.  This  exchange  of  trees 
was  made  to  determine  whether  winter  climate  or  inherent  dif- 
ferences affected  the  susceptibility  ot  scale  to  lime-sulphur  wash. 

Ultra-strong  polysulphld  sprays  were  tried  at  Clarkston  to  see 
it  the  San  Jose  scale  there  could  be  exterminated  by  any  practical 
lime-sulphur  spraying.  Owing  to  a  general  impression  that  late 
sprayings  are  most  effective  some  tests  were  put  on  at.  Clarkston  on 
April  22  when  early  varieties  of  apples  had  the  center  flowers  fully 
open,  late  varieties  were  beginning  to  leaf  out  and  the  San  Jose  males 
were  In  the  black-eyed  prepupa  condition.  The  effect  of  tbe  late 
spraying  on  the  scale  Insects  la  tabulated  below.  On  the  trees  the 
eoda-sulpbur  caused  much  leaf  scorching,  the  oil  slight  scorching  and 
the  Ume-sulphur  no  visible  harm.  New  growth  replaced  leaf  injury 
and  there  was  no  diminution  in  the  setting  ot  fruit  so  that  no  per- 
manent harm  was  done.  The  experiments  for  the  year  are  summed 
up  in  Table  10. 
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Table  10.     Spraying  Experiments,  1018 

A.  Clarkston.     (Spr&ying  March  12;  439  cbecka,  7S.S%) 


Material 

21  days 

42  days 

72  days 

1  Total  1 

S-Alive 

Total  I^AUve; 

ToUl  \9,A\m 

Lime-Bulphur, 

12  deg 

5S4 

962 

14.» 

678 

16.4 

Llme-sulpbur. 

S  deg. 

622 

670 

7.2 

494 

22.1 

Llme-eulphur, 

5  deg. 

607 

734 

18.7 

449 

13.8 

4  deg. 

542 

887 

36.4 

966 

22.0 

Llme-aulpbur, 

3  deg. 

551 

670 

23.0 

600 

26.0 

Ltme-sulphur. 

2  deg. 

613 

771 

24.8 

899 

16.5 

Dry  L-S..  1 : 3 

547 

716 

10.0 

679 

29.2 

Dry  I^S..  1:3 

509 

827 

23.0 

553 

19.9 

Dry  L-S.,  1:4 

334 

527 

24.3 

551 

21.5 

Dry  L-S.,  1:5 

223 

573 

29.6 

697 

28.0 

S-S.,  1:2 

B4r 

708 

17.8 

916 

20.9 

S-S..  1;< 

533 

702 

23  0 

729 

32-9 

S-S.,  1:5 

509 

1049 

22.9 

626 

25.2 

D.  S.  0.,  6% 

547 

1090 

0.0 

2351 

0.0 

D.  S.  0.,  S^t 

E74 

356 

0.6 

265 

0.0 

D.  S.  O.,  (1916)  5% 

473 

407 

0.0 

Scaleclde,  6% 

511 

685 

0,0 

Scaleclde,  S% 

553 

650 

0.0 

5003 

0.0 

Wen'cliee  tree  L-S.,  3  deg.  131 

10.0 

648 

6.7 

237 

11.4 

Check 

604 

88.8 

592 

73.3 

593 

54.8 

B.  Clarkston  (Sprayed  April  32) 

30  days 
Total  96  Alive 

61  days 
Total  %  Allre 

L-S.,  4  deg. 

665 

23.0 

302     26.6 

L-S.,  3  deg. 

932 

26.9 

409     Sl.l 

S-S.,  1:4 

693 

13.0 

232     17.2 

S-S.,  1:6 

813 

40.3 

332     34.1 

D.  S.  0.,  5% 

924 

1.5 
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C.  Walla  Walla  {Sprayed  March  15;  412  checks,  78.2%) 


22  days 

46  days 

Total 

«Alive 

Total 

%AlIve 

Ume-sulpbur, 

10  deg. 

635 

0.6 

1292 

Sdes. 

791 

1.1 

1350 

Lfme-BUlphur, 

4  deg. 

1968 

7.2 

2842 

Lime-sulphur, 

3  deg. 

2468 

11.9 

3672 

Lime-sulphur, 

2  deg. 

774 

6.7 

1892 

Dry  L-S..  1:3 

883 

2.1 

1666 

Dry  L-S.,  1:4 

2020 

fi.9 

1989 

Dry  L-S..  1:5 

939 

9.8 

1528 

S-S.,  1:3 

837 

6.8 

1276 

S-S..  1:4 

1092 

10.0 

1338 

10.3 

S-S.,  1:6 

807 

4.0 

751 

D.  S.  0.,  6% 

1343 

0.4 

1777 

D.  S.  0.,  5% 

1350 

3.1 

3066 

Scalecide,  6% 

507 

0.0 

560 

Scaleclde,  6% 

800 

0.0 

1800 

Check 

488 

85.0 

777 

28.2 

D.  Yakima.     (Sprayed  March  16;  551  checks. 

90.2%) 

22  days 

4  4  days 

Total 

'HAlivB 

Total 

%AUva 

Llme-eulphur, 

12  deg. 

1165 

0.4 

2015 

5  deg. 

1055 

0.7 

1638 

Llme-Bulphur, 

4  deg. 

1282 

0.5 

1149 

Llme-suIphur, 

3  deg. 

2396 

0.9 

2504 

Llme-Bulphur, 

2  deg. 

1576 

6.2 

2223 

Dry  L-S.,  1:3 

1094 

2.8 

1046 

Dry  Lf-S.,  1:4 

814 

2.6 

976 

Dry  L-S.,  1:5 

1127 

2,3 

1051 

S-S..  1:3 

1023 

5.8 

1330 

S-S.,  1:4 

1012 

16.1 

1448 

S-S.,  1:5 

1350 

4.1 

1336 

D.  S.  0..  fi% 

2460 

0.0 

4666 

D.  S.  0.,  5% 

1250 

0.0 

1610 

Scalecide,  6% 

I17B 

0.0 

1470 

Scaleclde,  5% 

920 

0.0 

1560 
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E.  Wenatchec.     (Sprayed  March  20;  764  checks,  87.7%) 


Llme-Bulphur,  4  deg. 

Llme-Bulphur,  3  deg. 

Llme-Bulphur,  2  deg. 

Dry  L-S..  1:4 

S-S..  11 4 

8-S..  1:5 

D.  S.  O-  5% 

Scaleclde,  5% 

Clarkston  tree,  L-S.,  S 

Check 


697 

14.3 

1001 

24.0 

1134 

22.2 

876 

29.1 

946 

0.1 

810 

0.0 

»3e 

21.8 

701 

65.8 

1729 

1048 

660 

630 

624 

14.5 

604 

41.1 

F.  Commercial  Spraying,  Walla  Walla 


To'l.    'A  Alive 


Lime-sulphur,  6  deg.        6  Apr.  19  days  686         1.9 

L-S.,  5  deg.  ft  6  deg.     20  Mar.  ft  15  Apr.       35  days  330'        2.1 

D.  S.  O.,  6'/f  5  Apr.  19  days  2400         0.0 

Notes  and  ObMrratlons.— The  winter  ot  191T-1S  was  uDusually 
opeD,  which  might  account  tor  the  great  vigor  ot  the  Clarkatoo  scales 
during  their  growth.  Wlater  mortality  at  each  place  rlalted  wae  less 
than  usual;  at  Clarkston  three  old  last  year's  scales  were  found  alive 
In  the  spring,  an  unduplicated  observation  la  Washington. 

Freezing  weather  during  April  selectively  destroyed  many  male 
scales  at  Walla  Walla  while  in  the  pupa  state.  An  analysis  of  the 
males  on  the  check  tree  April  30  showed  dead  pupae  at  the  rate  ot 
four  to  each  live  pupa  or  transformed  male. 

Ked  spider  eggs  were  all  destroyed  by  soda-sulphur,  12  degree 
llme-sutphur  and  the  oil  sprays.  Ten  per  cent  of  the  eggs  were  alive 
at  the  time  of  the  first  count  at  Clarkston  when  8  degree  lime-sul- 
phur had  been  used,  and  an  increasing  number  lived  through  the 
weaker  washes.  However,  the  hatched  young  mites  soon  died  on  ihe 
trees  treated  witb  llme-sulpbur.  Aphid  eggs  were  found  hatched 
even  after  being  sprayed  with  6  per  cent  oil. 

The  ineffectiveness  of  polysulphid  sprays  in  assuring  complete 
control  of  scale  la  seen  by  the  general  distribution  of  the  living  grow- 
ing insects.  Even  though  visibly  coated  with  encrusted  spray  scale* 
here  and  there  were  completing  their  metamorphosis.  It  is  not  the 
possibility  of  poor  application  that  can  account  for  living  scale. 
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The  dropplns  ott  ot  the  scale  covertng  witb  resultant  death  of 
the  unprotected  Insect  is  particularly  marked  with  the  stronger  poly- 
Bulphld  sprays.  Hence  the  anomaly  appears  in  the  tables  of  poorer 
results  from  strong  sprays  and  of  leaaened  effect  at  the  last  counts. 
By  the  time  of  the  June  12tb  counts  at  Clarkston  the  abrasion  of  the 
Insects  had  progressed  so  far  as  to  Invalidate  the  data  with  respect  to 
the  absolute  value  of  the  sprays. 

Two  factory  brands  of  lime-sulphur  were  tried  in  comparison, 
the  Rex,  manufactured  at  Yakima,  and  the  Petrie.  made  at  Clarkston. 
The  results  are  combined  in  the  tables,  but  eight  paired  counts  of 
tests  ot  2.3  and  4  deg.  showed  an  average  of  4.6%  alive  for  Rex  and 
6.9%  for  Petrie,  a  differential  of  2.3%  in  favor  of  Rex  spray.  The 
Rex  is  made  with  chemical  excess  of  sulphur  to  test  33  deg.  and  is 
especially  rich  In  the  higher  polysulphlds.  Petrie  spray  was  cooked 
witb  chemical  excess  of  lime  and  originally  tested  27  degrees. 

There  is  considerable  difference  in  the  opening  of  the  spraying 
season  at  the  places  selected.  Scales  resumed  growth  at  Clarkston 
about  March  30,  at  Walla  Walla  about  April  3,  Yakima  and  Wenat- 
chee  about  April  10.  Red  spider  eggs  were  largely  hatched  at  Walla 
Walla  by  April  6  but  at  Yakima  had  not  begun  hatching  by  April  9. 
On  April  30  the  male  scales  at  Yakima  had  reached  the  pupa  stage. 

Table  11.     !ipi'a>inK  Eiperlnirnts,  in  1919 

A.  Clarkston.     (Sprayed  March  5;  789  checks,  88%  alive) 


29  days 

44  ' 

days 

70  days 

1  Total  1 

r^Alivel 

Total   ]■ 

r'rAlive: 

Total   1 

•Tf  Alive 

Lirae-sui.,   12   deg. 

1129 

68.0 

1214 

29.0 

1183 

39.6 

Ltme-sul..  8  deg. 

1110 

64.6 

937 

34.6 

857 

43.0 

Lime-sul.,  5  deg. 

822 

71.6 

1085 

32.5 

902 

37.5 

TJme-Bul.,  3  deg. 

1905 

66.0 

2087 

51.0 

2081 

43.8 

Lime-sul..  2  deg. 

1106 

G6.8 

1198 

53.9 

1023 

56.5 

Dry  Lr-S.,  15:50 

U08 

66.8 

1329 

51.3 

1095 

43.8 

Dry  I>S..  10:50 

954 

76.7 

919 

55.0 

512 

39.6 

Dry  L-S..  rebolled 

822 

58.5 

888 

47.4 

1128 

34.9 

S-S..  15:50 

1049 

55.0 

1002 

35.1 

1212 

39.7 

S-S..  10:50 

829 

52.6 

1014 

61.3 

1171 

48.7 

D.  S.  0.,  6% 

1021 

7.4 

1937 

1.4 

1123 

2.9 

D.  S.  0.,  5% 

1291 

9.4 

1319 

4.5 

1186 

9.0 

Scaleclde.  6  % 

1075 

0.6 

1525 

0.3 

1032 

0.2 

Scalecide.  67c 

1070 

1.6 

1347 

0.5 

1374 

0.3 

Hood  RWer.  6% 

1206 

O.I 

1235 

0.4 

1421 

0.0 

Hood  River,  5  7c 

1558 

0.1 

1554 

0.2 

960 

0.0 

Check 

995 

83.0 

1020 

78.8 

1057 

47.0 
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B.  Wallii  Walla.     (Sprayed  Marcb  17  and  19; 

500  checks.  84.4%) 

27  days 

66  day« 

ToUl  %  Alive 

Total  %  Alive 

Lime-sulphur,  5  deg. 

1080 

8.9 

1088 

0.7 

Lime- sulphur,  3  deg. 

1114 

14.1 

806 

8.1 

Lime-BulphuT,  2  deg. 

1090 

14.0 

976 

6.7 

DryL-S.,  16:50 

993 

33.5 

250 

2.8 

Dry  L-S.,  10:50 

1093 

28.4 

770 

17.5 

S-S..  15:50 

1249 

24.7 

613 

7.0 

S-S.,  10:50 

1199 

28.2 

421 

19.0 

D.  S.  0.,  B9c.  A 

1537 

0.1 

890 

0.0 

D.  S.  0.,  5%.  B 

1322 

7.6 

1079 

2.7 

ScalecidG.  6%,  A 

1893 

0.1 

985 

0.5 

Scalecide,  5%.  B 

1030 

3.7 

1480 

0.0 

Hood  River  5%,  A 

1377 

0.0 

1900 

0.0 

Hood  Rtver  5%,  B 

1716 

0.1 

1470 

0.0 

Crude,  5%,  A 

919 

18.5 

1020 

14.5 

Carb.  5%.  A 

1369 

69.7 

165 

9.1 

Carb.  5%,  B 

1176 

74.4 

738 

28.9 

Carb.  15%.  B 

936 

77.0 

801 

21.4 

Crest  5'.*,  B 

1183 

64.6 

883 

67.6 

Crest  2%,  B 

1080 

62.6 

504 

49.6 

Check 

878 

74.0 

240 

51.3 

C.  Yakima.     (Sprayed  Marcb  20;  500  cheeks. 

68.6% 

alive  > 

Alive 

~T^M~ 

%  AJtve 

Lime-sulphur,  5  deg. 

3 

1093 

0.3 

Lime-sulphur,  3  deg. 

128 

1189 

10.8 

DryL-S..  15:50 

269 

1082 

24.9 

Dry  L-S.,  10  :  50 

249 

840 

29.6 

S-S.,  15:50 

162 

1088 

14.9 

S-S,.  10:50 

73 

1031 

7.1 

D.  S.  O..  5% 

0 

662 

0.0 

Hood  River,  5% 

0 

1129 

0.0 

Scalecide.  5% 

0 

305 

0.0 

Crest.  10% 

162 

1051 

14.5 

Cresl.  5% 

107 

383 

28.0 

Crest,  2'/o 

469 

999 

47.0 

Carbolic,  6% 

403 

1156 

36.0 

Carhoilc.  2'/o 

93 

321 

28.9 

Check 

260 

696 

37.4 

D.  Wenaichee  (Sprayed  March  25:  1 

J20^cki,6r% 

aUvVr 

28  days 

47  days 

Total  %  Alive 

ToUl  ' 

St  AliTe 

S15 

2.8 

1105 

3.9 

Lime-sulphur,  3  deg. 

1282 

1.6 

965 

0.5 

Lime-sulphur.  2  deg. 

816 

3.3 

1068 

2.2 

Dry  L-S.,  15:50 

116 

14.7 

313 

11.2 

Drj-  L-S..  10:50 

106 

15.4 

165 

5.5 

S-S..  15:60 

479 

8.1 

384 

4.7 

S-S..  10:50 

301 

16.3 

714 

lo.e 

D.  S.  O..  5% 

983 

5.1 

424 

6.4 

Hood  River.  5% 

632 

0.4 

378 

0.3 

Scalecide.  57< 

941 

4.2 

lOTO 

0.7 

Check 

856 

78.2 

1030 

73.2 
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ObMrvatloDs  and  Comments. — The  totercbange  of  email  scaly 
trees  was  repeated  between  Clarkston  and  Wenatcbee.  Tbe  ClarkBton 
tree  transplanted  to  Wenatchee  ahowed  75  per  cent  of  513  unsprayed 
scales  alive  on  Marcb  ZBtb  wben  tbe  tree  was  sprayed  with  3  degree 
llme-Bulphur.  Four  weeks  later  an  examination  of  1228  scales 
showed  4.7  per  cent  alive.  This  mortality  Is  much  greater  than 
would  be  expected  by  Clarkston  scales  undisturbed  at  Clarkston,  but 
It  should  be  noted  that  the  percentage  of  scales  alive  la  three  times 
as  great  as  with  Wenatchee  scales  similarly  treated.  Much  more 
striking,  however,  are  the  results  from  transplanting  the  Wenatchee 
tree  to  Clarkston.  At  spraying  time  an  examination  of  63S  scales 
from  this  tree  showed  75  per  cent  alive.  Four  weeks  after  spraylns 
with  3  degree  llme-sulphur  548  scales  showed  but  4.3  per  cent  alive 
whereas  66  per  cent  of  Clarkston  scales  were  still  alive  with  the  same 
treatment.  At  tbe  time  of  the  second  count,  44  days  following  spray- 
ing all  tbe  Wenatchee  scales  had  died,  but  how  much  of  this  mortality 
to  ascribe  to  racial  susceptibility  and  how  much  to  the  weakened 
condition  of  the  transplanted  host  tree  It  Is  Impossible  to  decide. 

In  the  midst  of  the  applications  at  Walla  Walla  a  light  drizzle 
set  in,  Intermittently  lasting  for  two  days  and  Interrupting  the  spray- 
ing operations.  Those  applications  marked  A  were  given  before  the 
rain,  those  B  after  It,  but  while  the  bark  was  stiil  damp.  It  will  be 
noted  that  better  results  were  obtained  when  the  trees  were  dry;  In 
the  case  of  the  heavy  oil  emulsions  perfect  results  being  secured  even 
though  rain  fell  on  the  trees  almost  Immediately  following  the  ap- 
plications. 

Crest  spray,  which  lately  had  not  been  exploited,  was  revived 
by  a  reorganized  company,  somewhat  modified,  called  Standard  Fir 
Oil  Spray,  and  was  advocated  at  2  per  cent  strength.  Even  at  10  per 
cent  strength  It  did  not  compare  with  weaker  en;ulsfons  based  on 
crude  oil. 

Standard  Carbolic  Emulsion,  manufactured  in  Western  Wash- 
ington, was  recommended  by  Its  producers  at  a  dilution  of  1:70. 
Even  at  three  times  this  strength  It  failed  to  eradicate  the  scale. 

Unfortunately  through  a  mistake  the  experimental  trees  at 
Yakima  were  all  resprayed  by  the  owner  with  lime-sulphur  six  days 
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betore  the  counts  were  made.  Some  allowance  In  Interpreting  results 
should  therefore  be  mttde  for  this  extra  trefttment.  Sc«Ies  kUled  by 
the  emulsions  of  crude  oil  had  died  shortly  after  the  application,  but 
polysulphfd  sprays  kill  gradually.  This  error  prevented  the  securing 
of  later  counts. 

At  the  time  of  the  first  count,  the  male  scales  were  in  the  black- 
eyed  prepupal  stage  of  development,  red  spider  eggs  had  hatched, 
and  apple  blossoms  were  beginning  to  show  pink.  By  the  time  of 
the  second  count  adult  males  were  emerging. 

Experiments  lu  1920. — Spraying  experiments  were  Interrupted 
In  the  spring  of  1920  because  of  the  unusual  and  excessive  winter 
mortality  of  the  scales.  In  October,  1919,  before  the  scale  Insecis 
were  fully  ready  for  hibernation  the  temperature  suddenly  dropped 
to  12  or  14  degrees  Fahrenheit.  Again,  In  mid-December  record- 
breaking  cold  weather  occurred,  with  minimum  temperatures  as  in- 
dicated Id  the  following  table.  Hence  the  winter-kill  of  scales  was 
unprecedented  for  Eastern  Washington.  This  condition  has  been  re- 
ported by  Mr.  Spuler  of  this  Kxperiment  Station  tn  the  Journal  ot 
Economic  Kntomology,  December,  1980,  pp.  443-444.  Obviously 
with  so  small  a  scattering  of  living  scales  available  on  which  to  base 
records,  the  interpretation  of  comparative  spraying  experiments 
would  be  subject  to  so  much  error  as  to  lose  Its  practical  value.  It 
Is  tor  this  reason  that  no  spraying  was  done,  and  for  this  reason  also 
that  1920  testimonials  produced  to  show  the  efficiency  ot  any 
scaleclde  should  be  severely  discounted. 

It  Is  perhaps  unfortunate  that  spraying  could  not  have  been 
carried  on  and  enough  extra  counts  made  to  compensate  for  winter- 
kill, in  order  to  settle  a  question  discussed  by  many  fruit  growers. 
It  will  be  noted  that  winter-kill  was  more  effective  than  the  usual 
spraying  in  reducing  the  San  Jose  scale.  Hence  many  fruit  growers 
argued  that  spraying  In  the  spring  of  1920  would  have  been  a  need- 
less expense  because  the  Individual  scales  hardy  enough  to  withstand 
the  winter  freezes  would  be  the  same  ones  that  would  resist  an  in- 
secticide. On  the  other  hand  the  fruit  Inspectors  held  that  it  should 
be  possible  practically  to  annihilate  the  scales  because  the  weakened 
condition  of  the  survivors  would  render  them  particularly  susceptible 
to  an  insecticide. 
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TRbl«  12.     Wint«r  MorteUly  of  Unsproy«d  Siui  Jose  Scale 


Locality 

Clarkston 

10,144 

Walla  Walla 

12,816 

Yakima 

g,595 

Wenatchee 

S,409 

Spokane 

2,485 

ProBser 

2.G4E 

While  Salmon 

2,093 

Minimum 
Temperature 


The  excessive  cold  ot  D«ceD)ber.  1919,  produced  evidence  of 
danger  followlns  oil  spraying.  As  this  case  has  been  frequentlr 
quoted  in  the  Northwest  it  may  be  referred  to  tiecause  of  its  bearing 
on  the  eeriefl  of  sprayings  here  reported.  Port  of  the  Indian  Cache 
Ranch,  located  about  three  miles  Irom  Clarkstoii,  vas  sprayed  In  the 
fall  of  1919  with  Scaleclde.  The  following  spring  the  oil-treated 
trees  showed  excessive  injury,  whereas  the  unsprayed  trees  escaped. 
From  this  and  other  similar  occurrences  the  admonition  mnst  be  made 
not  to  apply  an  oil  spray  In  the  fall.  Even  if  applied  in  the  spring 
an  improperly  emulsified  spray  of  crude  oil  may  cause  injury,  as  In 
the  case  of  the  last  drainings  from  the  spray-tank,  particularly  If  the 
tank  had  previously  been  used  for  lime-sulphur,  but  with  reasonable 
care  it  should  be  passible  to  use  a  good  mineral  oil-emulsion  as  a 
dormant  spray  In  Washington  with  an  assurance  of  safety,  providing 
the  preceding  winter  was  not  excessively  cold,  and  providing  the  ap' 
plication  Is  made  before  active  growth  begins  and  after  the  danger 
of  late  severe  freezing  Is  past. 

Apparently  little  is  known  with  certainty  regarding  the  con- 
dition under  which  oil  might  Induce  injury.  In  general  It  Is  held  that 
an  oil  coating  Inhibits  evaporation  and  hence  when  followed  by  a 
treeie  the  separation  of  excessive  moisture  from  the  cellular  proto* 
plasm  becomes  an  irreversible  reaction.  L<ow  temperature  lessens 
sap  pressure,  and  hence  when  oil  is  applied  soon  after  a  freeie  there 
is  greater  i^ossibillty  of  penetration. 
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A  tree  as  an  organism  responde  to  differing  conditions  ot  envir- 
t  In  varying  degree  from  year  to  year.  Oil  Injury  la  probably 
related  to  winter  hardiness,  and  such  factors  as  variety,  maturity  of 
tlBBuea.  Boil  moisture,  and  malnutrition  due  to  red  spider  or  otber 
depredations,  may  be  as  cogent  as  winter  temperatures  In  tnnnenclits 
Injury.  Oil  Injury  Is  not  feared  In  California  but  in  Northern  and 
Atlantic  States  has  sometimes  been  a  serious  matter.  We  have  some- 
times noticed  a  retarded  opening  ot  buda  on  trees  sprayed  with  strong 
emulsions. 

Because  of  the  difficulty  of  obtaining  crude  petroleum  oil  and 
because  of  the  skill  needed  in  emulsifying  it  we  bare  ceased  to  advise 
the  general  home  manufacture  of  crude  oil  sprays.  Among  the  pre- 
pared miseible  oils  on  the  market  there  is  much  variation  as  this  re- 
port shows.  However,  in  those  districts  where  a  3  degree  or  i  degree 
lime-sulphur  is  not  giving  satisfactory  results,  the  Judicious  use  of 
a  good  miseible  oil  Is  to  be  recommended. 

Experiments  In  192I.^The  excessive  winter-kill  ot  December, 
1919,  still  showed  Its  ettects  In  the  spring  of  1921  in  that  many  of 
the  dead  scales  remained  adherent  to  the  branches  throughout  the 
intervening  time.  Often  branches  that  at  first  sight  seemed  Incrusted 
with  scales  showed  only  dead  insects  left  from  the  fall  of  1919  when 
subjected  to  close  examination.  There  was  moreover  a  decided  deartb 
of  live  scales  In  many  orchards.  Seemingly  the  set-back  from  the 
severe  freeze  was  followed  by  alow  recovery.  Under  such  clrcum' 
stances  evidence  as  to  the  absolute  value  of  an  lOBecttdde  needs  to 
be  based  on  more  than  a  cursory  Inspection,  and  orcbardtsts'  testi- 
monials adduced  In  1921  should  be  discounted  almost  as  severely  as 
those  from  the  year  before. 

In  the  following  tabulations,  as  would  also  be  true  to  a  less  ex- 
tent in  the  preceding,  the  number  ot  scales  examined  was  usually  far 
in  excess  of  the  number  recorded,  because  those  killed  In  the  freete 
of  the  winter  before  were  disregarded  as  fumlahtng  no  information  as 
to  the  value  of  this  season's  spraying.  Hence  data  are  few  for  certain 
branches  received  for  tabulation  although  the  sender  supposed  that 
an  abundance  of  scale  was  submitted. 
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T»ble  18.     Sprftring  Experlmenu,  18S1 

.  CUrkstOD.     (Sprayed  Marcli  23;  buds  openiog.) 


Material 

30  Days  Interval 
Total               ?4  Alive 

866 

45.0 

332 

17.1 

Llme-aalphur,  2  deg. 

820 

61.0 

Dry  L-S.,  16:EQ 

129 

46.5 

Dry  L-S..  10:50 

828 

55.5 

S-S..  10:50 

223 

34.5 

B.  T.  S.,  10:50 

843 

72.2 

L-S.,  glue,  oil 

1076 

24.5 

Scaleclde,  6?<i 

1494 

10.4 

Dormoll.  69o 

1101 

0.1 

SpramuUlon.  6'^ 

1S8 

0.5 

D.  S.  O..  6% 

1116 

10.8 

Check 

770 

78.0 

B.  WallaWalla.     (Sprayed  March  22;  418  checks, 

,  78%  alfve), 

Material 

44  Days  Interval 
Total                 %  Alive 

1^..  5  deg. 

783 

16.4 

L-S..  3  deg. 

863 

34.6 

L-S..  2  deg. 

409 

19.3 

Dryl^S..  20:50 

250 

30.8 

S-S.,  10:50 

187 

40.0 

Dormoll,  6% 

127 

26.0 

Dormoll.  5% 

262 

6.3 

Dormoll,  S%  poor 

606 

41.8 

Check 

1041 

67.S 

C.  Yakima.     (Sprayed  March  25) 

24  Days 
Total   %Alive 

36  Days 
Total   ftAlive 

L-S..  5  deg. 

316         1.2 

530       1.9 

I^S..  3  deg. 

332         3.S 

100      14.0 

L-S.,  S  deg. 

610       0.0 

685       6.3 

Dry  I^S..  15:50 

494        5.9 

600     27.6 

Dormoll.  S% 

518       0.0 

360     40.1 

SpramulsloD,  6% 

325        3.3 

816     37.5 

300       0.0 

436       0.0 

Check 

550       1.8 

1343      53.5 
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D.  Wenatchee  (Pears,  sprayed  April  2;  551  checks,  70.7%  alive) 


Interval  28  Days 

Inlerral  37  Days 

Total 

%Alive 

Total 

'iAlive 

Lime-sulphur,  5 

deg. 

1324 

4.1 

Ltme-sulphur,  3 

deg. 

1050 

2.5 

Lime-sulphur,  2  deg. 

1363 

10.2 

Dry  L-S.,  15:50 

1236 

27.6 

Dry  L-S..  10:50 

1343 

8.5 

S-S..  15:50 

1069 

19.4 

S-S..  10:50 

1270 

26.0 

B.  T.  S.,  16:50 

liOO 

15.9 

B.  T.  S.,  10:50 

1444 

44.6 

L-S.,  glue,  oil 

1309 

25.8 

S-S.,  oil 

1870 

11.4 

Spramulaion,  5'/ 

1094 

9.5 

861 

4.0 

Dormoll,  59f 

1379 

1.4 

Notes. — The  water  used  at  Walla  Walla  for  dtluttng  the  insecti- 
.  cldes  came  from  a  shallow  welt  and  was  hard.  The  sample  ot 
Dormoll  could  scarcely  be  emulsKied  with  this  hard  water,  even 
under  careful  maalpulatlon.  although  Identical  oil  emulsKied  well  at 
the  other  localities. 

The  lime-sulphur,  glue  and  oil  combination  was  devised  by  Paul 
R.  Jones  as  a  means  whereby  these  Incompatible  insecticides  could 
be  mixed.  The  ratio  o(  oil,  lime-sulphur  and  water  was  1:4:40.  The 
glue,  used  1  lb.  to  5  gallons  of  oil,  was  first  soaked,  heated  till  dis- 
solved, and  then  worked  into  the  misclble  oil.  After .  diluting  ihe 
lime-sulphur  the  prepared  misclble  oil  was  added.  This  mixture  as 
tested  at  C  larks  ton  and  Wenatchee  did  not  show  an  increased 
efficiency. 

Spramulsion,  which  had  been  oft  the  Washington  market  for 
some  years,  was  revived  by  the  Sherwio  Williams  Company.  It  was 
too  light  an  oil  to  compete  with  the  heavier  misclble  oils. 

At  the  time  the  counts  were  made  males  were  pupatlug  at  Clark- 
Bton  and  Wenatchee,  and  emerging  at  Walla  Walla.  It  seems  remark- 
able to  witness  the  unchecked  growth  of  females  and  the  pupation 
and  emergence  of  males  on  branches  heavily  encrusted  with  poly- 
sulphid  coatings. 
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Red  spider  esse  bad  hatched  when  sprayed  with  llme-Bulphur 
3  degrees,  harlutu-anlphur  15:60,  and  soda-sulphur;  nearly  atl  bad 
batched  under  the  glue  combination;  while  Doruioil  and  Spramulston 
produced  nearly  a  pertect  kill. 

Rxpertments  in  1932.— Spraying  experiments  In  1922  were  con- 
fined to  ClarkBton.  the  applications  being  made  on  April  6.  The  ma- 
terials used  and  results  obtained  are  given  in  the  following  table. 

Table  14.     Spraying  Expeiiiiients  at  Clarkston,  1922 


Interval  26  Dajs 

Interval  1 

S2  Days 

Total 

•S-Alive 

Total 
1133 

•r.-AUve 

Llme-eutphur,  12  deg. 

1277 

12.8 

9.2 

Llme-aulphur,  S 

deg. 

1047 

10.1 

328 

12.3 

Lilme-Bulphur.  6 

deg. 

1405 

29.0 

1160 

20.9 

lilme-sulpbur,  3  deg. 

409 

16.4 

501 

21.2 

L-S-  1:«;5 

1287 

21.3 

989 

15.0 

L-S..  H4:H:S 

11S3 

27.8 

567 

18.0 

Dry  L-S..  30:50 

1019 

20.8 

1197 

17.2 

Dry  L-S.,  15:50 

1130 

14.6 

B.  T.  S.,  30:50 

1089 

19.1 

134* 

23,4 

B.  T.  S.,  15:50 

1523 

19.5 

593 

14,5 

L-S.,  5  deg.,  caselnate 

1157 

20.0 

963 

17,2 

L-3.,  3  deg.  easelnate 

1142 

20.5 

538 

13.7 

L-S.,  3  deg..  casein,  oil 

772 

3.4 

384 

1.5 

Dormoll,  6% 

1239 

0.0 

Spramulslon  10  •; 

i 

1181 

0.0 

Spramulsion   6*;; 

1435 

0.0 

1121 

0.6 

Scalecide,  SVc 

1300 

0.0 

Ortbooll,  10',; 

1202 

14.4 

1278 

21.3 

Ortho  oil,  6  '/• 

1130 

19.5 

1225 

18.1 

Keresol.  10  Vc 

1196 

14.2 

960 

13.7 

Keresol,  S% 

1182 

62.2 

SS8 

39.4 

Check 

394 

63.7 

2223 

67.4 

Notes  on  1922  Sprftflng. — Among  the  oil  sprays  much  difference 
In  behavior  was  noticed.  Scalecide  and  Dormoll  were  good,  aa  for- 
merly; Spramulsion  was  changed  by  its  uianufacturerg  to  a  much 
heavier  mlsclble  oil  to  Its  decided  advantage;  Ortho  miscible  oil  was 
hard  to  emulsify  and  did  not  afford  a.  uniform  coating;  Keresol  was 
too  light  a  product  to  use  against  the  resistant  scales  of  Clarkston; 
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oae  brand  was  not  applied  because  of  Impoaeiblllty  to  emulBlfy,  even 
under  most  persistent  manipulation. 

A  prepared  casein  powder  was  used  as  a  spreader  with  lime- 
sulphur  at  the  rate  of  one  pound  to  one  hundred  gallons;  and  also  to 
permit  a  mixture  containing  three  degree  llme-aulphur  and  5  per  cent 
Scaleclde.  As  far  as  the  evidence  goes  there  was  a  slight  improre- 
ment  In  spread  and  effectiveness  in  the  case  of  the  lime-sulphur,  but 
a  slight  Impairment  in  the  efficiency  of  the  oil. 

Even  with  12  degree  lime-sulphur,  where  the  scales  were  la- 
crusted  with  a  heavy  coating  of  the  insecticide,  many  were  growing 
in  a  way  to  leave  no  doubt  of  their  remarkable  resistance.  While 
some  that  had  resumed  growth  were  dying  from  effects  of  the  spray, 
their  bodies  then  beginning  to  show  a  browning  and  their  shells  a 
stunting,  the  fact  remains  that  even  seven  weeks  after  the  applica- 
tion of  a  12  degree  lime-sulphur  nine  per  cent  of  the  scales  were 
alive  and  growing,  and  most  of  these  were  as  large,  Juicy  and  clear 
yellow  as  their  unsprayed  neighbors.  At  this  writing  the  State's 
Fruit  Inspector  for  the  Ciarkston  district  reports  that  his  region  is 
overrun  with  San  Jose  scale,  the  limbs  of  the  orchard  trees  are  greasy 
with  scales,  apple  and  pear  fruit  is  entirely  unsalable,  the  scales  even 
spreading  to  the  fruit  of  the  cherry.  As  long  as  Ciarkston  fruit 
growers  are  placing  their  dependence  on  lime-sulphur,  no  matter  how 
strong,  the  control  of  the  scale  in  that  region  is  hopeless. 

SVMMAKY 

Toleruice  to  Spntys.— The  adoption  of  lime-sulphur  as  a  general 
spray  for  San  Jose  scale  has  been  attended  with  varying  success. 
Chemical  and  entomological  studies  by  this  Station  have  shown  that 
in  those  districts  where  lime-sulphur  is  efficient  a  solution  containing 
1  lb.  sulphur  and  %  lb.  lime  to  about  5  gallons  water  Is  as  reliable  as 
solutions  of  greater  density  or  different  composition. 

Whenever  scale  insects  are  sprayed  with  lime-sulphur  they  die 
at  varying  rates.  Some  few  are  killed  by  the  first  shock  of  chemical 
deoxygenation.  Most  linger  on,  some  for  days,  some  tor  weeks,  some 
for  months.    Among  Individuals  varying  so  greatly  in  susceptibility, 
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here  and  there  are  some  so  vigorous  as  to  Tesiet  entirely  the  destruc- 
tive action  of  this  spray.  A  varying  number  of  Individuals  escape  in 
probably  every  locality,  in  part  making  necessary  the  annual  repeti- 
tion of  dormant  spraying;  sometimes  the  number  of  survivors  is  a 
very  appreciable  percentage  of  the  whole  scale  population. 

If  compulsory  lime-sulphur  spraying,  which  subjects  virtually 
every  scale  to  its  action,  thus  eliminates  the  weaklings  and  selects 
the  progenitors  for  future  generations,  a  modified  breed  of  tolerant 
scales  could  plausibly  be  developed.  To  determine  if  tolerance  is  pro- 
gressively increasing  the  project  reported  was  undertaken. 

The  Experimental  Project. — Scales  were  given  the  dormant 
spraying  to  furnish  the  needed  data  for  advancing  conclusions. 
Ciarkston,  Walla  Walla,  Yakima  and  Wenatchee  proved  to  be  repre- 
sentative districts  and  information  was  based  mainly  on  scales  from 
these  points.    The  following  comparative  aspects  were  considered: 

a.  Lime-sulphur  at  various  strengths  In  one  locality. 

b.  Lime-sulphur  at  a  given  strength  in  several  localities. 

c.  Lime-sulphur  and  various  other  polysulphld  sprays,  e.  g.,  dry 
llme-sulpbur,  aoda-sulphur,  barium-sulphur,  home-made 
sprays,  thiosulphate  formulae. 

d.  Llme-sulphnr  and  various  oil  sprays,  to  test  strength,  brands, 
localities. 

In  general,  weak  solutions  used  near  the  limita  of  effective  di- 
lution were  used,  with  the  idea  of  measuring  relative  value  rather 
than  of  effecting  complete  control. 

While  the  main  project  undertook  to  measure  the  amount  and 
rate  of  mortality,  incidentally  information  of  utmost  practical  value 
was  secured  regarding  brands,  effective  prescriptions,  time  of  applica- 
tion, methods  of  spraying,  effect  on  Insects  other  than  San  Jose  scale, 
relative  costs,  locality  differences  In  emuislFIcation  of  oils,  amount 
of  wlnter-klU,  extent  of  danger  from  use  of  oils,  etc.,  which  has  kept 
the  Washington  spraying  program  abreast  of  the  times. 

Methods. — Since  this  project  was  not  to  be  a  test  of  thorough- 
ness of  spraying  but  a  determination  of  the  effects  of  the  spray,  the 
applications  were  not  done  in  a  large  commercial  manner,  but  instead 
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a  few  thousand  scales  previously  located  on  representatiTe  trees  were 
caretuUy  drenched.  At  intervals  within  two  or  three  months  after 
the  spraying  sample  young  scales  were  dissected  under  the  binocular 
microscope  and  the  rate  of  mortality  recorded.  Later  counts  were 
found  to  be  of  less  value  because  of  abrasion  of  dead  scales.  Althoufh 
a  thousand  and  more  of  scales  were  examined  for  each  record  and 
percentages  are  given  to  tenths  ot  one  per  cent,  the  figures  do  not 
carry  the  accuracy  they  Imply.  According  to  the  nature  of  the  sample 
secured  for  examination  the  figures  might  vary  considerably.  Scales 
from  water  sprouts  or  from  vigorous  trees  are  sturdy.  Those  from 
scale-poisoned  trees  or  following  a  severe  winter  are  weak  and  die 
more  readily.  Hence  is  apparent  the  necessity  of  repeated  checking, 
over  a  period  of  years,  to  draw  satisfactory  deductions  as  to  the 
absolute  value  of  an  insecticide. 

InterpretationB. — Statistical  curves  have  been  worked  out  for 
many  of  the  experiments.  A  few  characteristic  ones  are  combined 
and  presented  in  the  accompanying  chart.  A  comparison  ot  these 
curves  shows  the  range  of  difference  In  their  reactions  to  the  common 
insecticides  manifested  by  the  local  strains  of  the  San  Jose  scale. 

CONCLUSIONS 

With  R«gartl  to  Sprafs  Based  on  Snlphnr. — 

Sprays  like  Ilme-sulphur,  soda-sulphur  and  barium-sulphur 
manifest  a  prolonged  and  progressive  insecticidal  action. 

Lime-sulphur  and  soda-sulphur  have  greater  insecticidal  value 
than  I>arlum- sulphur. 

Factory- made  lime- sulphur  Is  as  satlBfactory  as  home-made,  and 
Is  more  dependable  in  composition. 

Although  different  formulas  for  lime-sulphur  might  show  theo- 
retical advantages  or  disadvantages,  yet  In  practice  any  differences 
in  results  have  not  been  consistent. 

The  exact  concentration  to  use  Is  much  less  important  than 
thoroughness  of  application,  because  of: 

a.  Excessive  and  unusual  prollficoess  of  the  San  Jose  scale. 
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b.  Within  reasonable  limits,  the  Bimilarlty  in  results  from  vary- 
ing €oncentTatlonB. 

The  addition  of  lime,  lye,  nicotine,  or  casein  spreader  to  lime- 
sulphur  does  not  materially  alter  Its  effectiveness. 

There  Is  no  experimental  evidence  to  show  that  dry  lime-sulphur 
Is  superior  to  liquid. 

Individual  scales  resistant  to  a  bath  of  lime-sulphur  are  almost 
equally  tolerant  to  a  second  application. 

With  Regard  to  Oil  Sprays.- — 

Good  emulsionB  based  on  crude  oil  are  quicker  and  more  de- 
pendable sprays  for  San  Jose  scale  than  are  sprays  based  on  sulphur, 
such  as  Ilme-Bulphur,  or  barium-sulphur  and  are  less  disagreeable  to 
apply. 

Lack  of  standardization  has  been  a  serious  drawback  to  the 
universal  acceptance  of  oil  sprays.  Under  a  given  trade  name  mlsc- 
ible  oils  sometimes  vary  In  composition,  in  physical  properties  and 
in  insecticidal  effect. 

Poor  results  from  oil  spraying  are  to  be  expected  if  trees  are 
wet  at  time  of  application,  but  it  Is  not  a  serious  matter  It  rain  comes 
shortly  after  the  application  Is  made. 

A  poorly  emulsified  oil,  or  one  with  insufficient  insectlcldal 
value,  is  less  effective  than  a  low-grade  Ume-sulphur,  probably  be- 
cause the  oil-cleaned  and  softened  bark  affords  a  better  breeding 
ground  than  the  residual  coating  from  a  sulphid  spray. 

Well  emulsified  oils,  used  as  a  late  dormant  spray,  following  a 
normal  winter  should  be  depended  on  as  safe  to  the  trees.  Fall 
spraying  with  oil  is  not  recommended  because  of  the  possibility  Of 
heavy  winter  freezes  and  consequent  injury  to  the  trees. 

Emulsions  based  on  wood  distillation  products  instead  of  crude 
petroleum  oil  have  little  Insectlcldal  value. 

With  Regard  to  Control  in  General. — 

Because  the  San  Jose  scale  holds  the  record  for  rapid  breeding 
a  treatment  to  be  considered  effective  must  accomplish  practical  ex- 
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termination.  A  remedy  ttiat  results  In  60  per  cent  kill  U  no  better 
tban  one  that  prodaces  but  40  per  cent,  because  both  are  useless. 
But  a  spray  that  kills  60  per  cent  ot  the  scales  should  not  be  contused 
with  faulty  application  of  an  efficient  Insecticide  that  reaches  but  60 
per  cent  of  the  scales. 

The  most  reliable  determination  of  the  absolute  or  relative  Talue 
of  compared  insecticides  is  not  a  late  summer  inspection  of  fruit, 
foliage  or  bark,  but  a  microscopic  examination  of  actually  sprayed 
scales  about  one  month  after  the  application.  Before  one  month  the 
spray  might  not  have  produced  its  maximal  effect,  later  the  dropping 
of  dead  scales  disturbs  the  proportion  of  living  to  dead  scales,  still 
later  the  tree  movements  of  young  scales  make  deductions  untrust- 
worthy. Late  summer  inspections,  however,  are  a  valuable  gauge  of 
the  thoroughness  of  application. 

The  beat  time  for  spraying  for  San  Jose  scale  is  when  buds  begin 
to  swell.  Later  the  swollen  buds  cover  some  scales  out  of  reach  of 
spraying.  When  foliage  begins  to  appear  dormant  sprays  may  cause 
burning.  This  is  especially  true  with  soda-sulphur  and  crude  oil 
emulsions. 

A  relative  scarceness  of  living  scales  following  a  severe  winter 
Is  not  necessarily  due  to  successful  spraying.  Excessive  winter-kill 
shows  its  effects  even  into  the  second  winter' tn  a  diminished  number 
of  live  scales  per  tree. 

The  fact  that  a  treatment  has  been  declared  effective  in  one 
locality  iB  no  assurance  that  it  will  be  universally  effective  Recom- 
mendations based  on  Atlantic  Coast  or  Middle  West  conditions  are 
not  of  necessity  applicable  to  the  scale  district  of  Washington,  any 
more  than  Wenatchee  recommendations  would  suit  Clarkston.  Fol- 
lowing a  severe  winter  ultra-weak   sprays   show  apparently  good 

The  locality,  winter  conditions,  and  presence  of  other  pests  than 
scale  should  determine  the  kind  of  spray  to  select  and  the  concentra- 
tion best  to  use.  The  most  efficient  concentration  Is  not  a  fixed  pre- 
scription. 

Where  lime-sulphur  Is  giving  good  results,  it  will  possibly  be 
given  preference  as  a  dormant  spray.     Where  a  3  or  4  degree  ilme- 
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aulpbur  is  giving  imperfect  control  the  use  of  oil  sprays  is  recom- 
mended. 

With  Regard  to  tUe  San  Jose  Scale. — 

There  is  much  Tarlatlon  among  dilterent  Individual  scales  In 
suBceptibUlty,  tolerance  or  resistance  to  sprays,  particularly  to  sprays 
based  on  sulphur,  such  as  lime-sulphur,  soda-sulphur,  or  barium- 
sulphur. 

The  amount  of  tolerance  differs  from  locality  to  locality,  and 
from  year  to  year. 

There  Is  more  difference  in  the  rate  of  kill  and  the  total  number 
of  scales  that  die  when  comparing  Clarkston  and  Wenatchee  scales 
sprayed  with  regulation  strength  of  lime-sulphur,  than  when  compar- 
ing scales  at  either  locality  sprayed  with  lime-sulphur  ranging  from 
2  to  27  degrees. 

Winter  mortality  varies  with  severity  of  winter  and  with  local 
vigor  of  scale.  A  temperature  of  -30  degrees  F.  destroys  more  scales 
than  the  usual  spraying  does.  In  a  mlid  winter  98  per  cent  of  the 
young  scales  may  survive. 

The  abundance  of  acales  at  Clarkston  and  the  relative  scarceness 
at  Wenatchee  Is  probably  largely  due  to  a  natural  vigor  possessed  by 
the  Clarkston  scales,  as  manifested  by  a  positive  tolerance  to  llme- 
sulphur,  and  a  corresponding  weakness  of  the  Wenatchee  scales,  as 
manifested  by  susceptlblltty  to  sprays.  The  difference  is  probably 
due  less  to  external  factors,  like  spraying  methods,  minimum  winter 
temperatures,  optimum  summer  weatber,  action  of  parasites,  number 
of  summer  generations,  or  condition  of  host  plants. 

There  is  no  positive  evidence  that  the  San  Jose  scale  is  at  pre- 
sent becoming  more  and  more  resistant  to  polyaulphid  sprays.  This 
is  possibly  the  effect  of  hereditary  regression  since  the  annual  spray- 
ing with  lime-sulphur  exerts  selection  on  only  one  of  the  season's 
many  generations.  Or  possibly,  acclimatization  to  lime-sulphur  Is  an 
annual  acquirement,  not  necessarily  heritable. 

The  distribution  of  the  San  Jose  scale  in  Washington,  and  prob- 
ably elsewhere,  coincides  with  the  area  where  peaches  are  success- 
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fully  grown.  The  San  Jose  scale  Is  unable  to  thrive  under  condltiotiE 
at  Pullman,  although  determined  efforts  have  been  made  to  intro- 
duce and  establish  it.  Why  some  Clarkston  scales  can  suiriTe  a 
strong  bath  of  lime-sulphur,  but  all  die  when  brought  to  an  upland 
locaUty.  is  one  of  the  strange  happenings  of  Nature. 


EXPLANATION  OF  PLATE 

A.  Oval  male  and  circular  female  scales. 

Not  Sprayed.     Photographed  April  19. 

B.  Clarkston  scales  photographed  seven  weeks  after  spraying  with 

10  degree  lime-sulphur.     The  convex  scales    (x)    have  grown 
from  the  size  indicated  by  the  small  killed  wintering  scales  (o). 

C.  Yakima  scales  photographed  43  days  after  spraying  with  1:U:S 

lime-sulphur  formula.     Note  that  the  marked  Individuals  are 
still  growing  altho  the  scale  covering  Is  arrested. 

D.  Clarkston  scales  maturing  though  encrusted  with  lime-sulphur. 

Adult  males  have  already  emerged  from  the  oval  scales.     The 
round  scales  are  nearly  full-grown  females. 
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1  JsM  8«ala  oa.  Apple  Bwk — Enluftd  abmt  aicht  diunatan 
(For  explanation  see  page  48.) 
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EXPLANATION  OF  CHART 

MoTtalltj'  currea  of  San  Jose  scale  at  Clarkston  and  at  Wenat- 
chee.  Height  of  curve  at  any  point  Indicates  percentage  of  scale 
alive.  Distance  to  the  rlgbt  Indicates  days  Intervening  since  spray- 
ing. Unspra^ed  ctiecks  and  treatments  Tltli  3  degree  llme-sulpliar 
and  5  per  cent  oil  are  Indicated. 

SO 
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LETTER  OF  TRANSMITTAL 

Pnllmtui.  WashlQKton, 
December  19,  1922. 
Honorable  Louts  F.  Hart,  Governor, 
Olympia,  Washington. 
Sir; 

Pursuant  to  an  act  of  tbe  Congress,  March  2,  18S7,  relating  to  the 
establishment  of  agricultural  experiment  stations,  I  have  the  honor  to 
tranemlt  herewith  a  report  of  the  actlvttlea  of  the  Washington  Agrlcul' 
tural  Experiment  Station  (or  the  last  fiscal  year. 

Because  at  the  nature  ot  some  of  the  work,  the  report  In  part  cov- 
ers the  activities  trom  November  1,  1921  to  October  31,  1922,  rather 
than  the  fiscal  year  July  1  to  June  30.  The  context  Indicates  where 
tbls  is  the  case. 

Suggestions  as  to  some  of  the  needs  ot  the  station  and  a  financial 
statement  also  are  Included. 

Very  respectfully, 

EDWARD  C.  JOHNSON, 
Director. 
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l-HIBTY-SECOND  ANNUAL   BEPOBT,  WASHITfCITON   AGBICDL- 
TUBAL  EXFEBIHEHT  STATION 


DIEECIOB'S  STATEMENT 


Introdwetlon 
.  Tbe  Btatement  that  whatever  benefits  afixlculture  Is  of  equal  bene- 
fit to  the  business  enterprises  ot  towns  and  cities  and  that  whateTer 
helps  the  farmer  Is  equally,  if  not  more  helpful,  to  those  In  other  occu- 
pations, IB  now  regarded  almost  as  a  truism.  In  t&ct  anything  which 
helps  agriculture  Is  being  recognised  more  and  more  as  contiibntliig 
not  only  to  the  welfare  ot  the  farmer  but  ot  the  general  public.  Largely 
because  of  this  fact,  our  legislative  bodies  provide  financial  support 
from  public  funds  for  such  Institutions  as  the  agricultural  experiment 
statlona,  the  Land  Qrant  colleges  with  their  extension  service  and  the 
departments  ot  agriculture.  They  regard  these  InstitDtions  as  great 
public  welfare  agencies  whose  activities  In  nowise  should  be  reduced 
but  rather  Increased  in  times  of  public  stress.  They  reallxe  that  these 
institutions  are  assets  rather  than  liabllltiea  and  that  funds  expended 
for  their  support  are  Investments  bringing  large  dividends. 

At  the  same  time  our  legislators  and  alt  good  citltens  interested  la 
tbe  welfare  of  the  people  are  eager  that  the  work  of  these  Institutions 
be  conducted  with  economy  and  efficiency  so  that  tor  every  dollar 
spent  there  shall  be  commensurate  returns.  The  public  servants  tn 
charge  of  these  InBtltutlons  are  equally  eager  to  see  this  accomplshed 
and  are  using  every  effort  In  this  direction.  That  they  are  succeeding 
In  a  large  measure  la  shown  in  this  and  other  annual  reports  and  in 
the  Increasing  confidence  and  Interest  ot  the  public  in  these  InsUtn- 
tlons. 

The  agricultural  experiment  station,  ot  which  this  la  the  annual 
report,  has  attracted  more  attention  during  the  past  year  perhaps  be- 
cause of  Its  helpful  work  and  the  needs  ot  the  times  than  during  any 
other  year  In  Its  history.  This  has  been  shown  not  only  by  the  in- 
creasing requests  for  information  by  letter  and  in  an  increasing  atten- 
dcince  at  extension  service  meetings,  but  by  many  appeals  for  experi- 
mental and  investigational  work  on  problems  yet  unsolved  and  ques- 
tions unanswered.  Thus  during  the  year  there  have  been  urgent  re- 
quests from  the  apple  growers  for  investigational  work  on  winter  in- 
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jury  and  the  collar  rot  ot  apple  trees;  trom  tb.e  cranberry  growers,  on. 
the  Insects  and  dlae&ses  ol  cra.nberrles  and  general  methods  ot  cran- 
berry culture:  from  the  strawberry  growers,  on  root  weevil;  from  the 
dairymen,  on  contagious  abortion  and  other  dlseaBes  at  cattle;  fron^ 
the  irrigation  farmers,  on  cost  of  production  ol  sugar  beets  and  organ- 
ization ot  Irrigation  farms;  and  from  the  mark,et  milk  producers,  on 
the  cost  ot  producing  milk. 

Many  o(  these  requests  for  Investigational  work  It.bas  been  Im- 
possible to  satisfy  because  ot  lack  ot  funds.  In  other  cases  some  assis- 
tance has  been  rendered  by  enlisting  tiie  help  of  various  offices  ot  the 
U.  S,  Department  ot  Agriculture  and  in  still  others  some  work  has  been 
made  possible  by  contrlbntions  Irom  counties  and  groups  ot  farmers 
or  orgaulEatlons. 

The  U.  8.  Department  of  Agriculture,  for  Instance,  was  appealed 
to  in  regard  to  the  winter  injury  and  collar  rot  of  apple  trees  and  sent 
Dr.  M.  B.  Walte,  to  go  over  the  situation  la  the  orchard  sections  ot 
Chelan  and  Yakima  counties,  to  meet  the  growers  and  to  discuss  with 
tbem  their  problems.  The  department  also  responded  to  a  request  for 
a  specialist  In  sugar  beet  production,  wbo  co-operated  with  the  experi- 
ment station  In  an  Ittvestigatlon  ot  the  cost  ot  production  and  farm 
organization  In  the  sugar  beet  section  of  the  state.  Chelan  county  con- 
tinued to  supply  the  salary  and  expenses  of  an  Investigator  to  study 
corer  crops  and  lertlllzerB  In  the  orchards  of  Chelan  county  under  the 
supervision  of  the  experiment  station.  The  county  commissioners  ot 
Pacific  county  appropriated  lunde,  wblch,  in  conjunction  with  a  small 
fund  from  the  experiment  station  and  the  extension  service,  made  it 
possible  to  undertake  one  season's  Investigation  and  demonstration 
work  Id  the  cranberry  section.  The  Chambers  ot  Commerce  of  Cheney 
and  Spokane  contributed  funds  towards  the  salary  tor  two  months  ot 
an  Investigator  to  study  the  cost  of  milk  production  In  the  Spokane 
area  and  Mr.  Dan  Scott,  director  ot  the  Department  of  Conservation 
and  Development,  set  aside  sufficient  funds  from  his  department  to  fur- 
nish the  salary  and  expenses  tor  five  months  of  an  Investigator  In 
methods  of  clearing  logged-off  lands. 

This  help  from  oustide  sources  re-lnforcing  the  resources  ot  the 
experiment  station  made  It  possible  to  begin  the  work  mentioned, 
much  ot  which  together  with  other  Investigations  not  yet  commenced 
should  be  actively  prosecuted  In  the  near  future. 

The  experiment  station  has  been  established  by  law  to  help  solve 
such  problems.  Already  It  has  rendered  outstanding  service  which 
was  partly  reviewed  In  the  Thirty-first  Annual  Report  of  this  station. 
The  activities  for  this  year,  perhaps  the  roost  fruitful  in  helpful  re- 
sults of  any  year  In  the  history  ot  the  station,  are  briefly  summarized 
in  the  divisional  reports  which  follow.  These  reports  also  show  how 
the  experiment  station  has  attempted  to  meet  the  requests  tor  new  In- 
vestigational work  and  tor  Information,  In  so  tar  as  funds  will  permit, 


D.n.iized  by  Google 


wltbout  Jeopardlclng  Uie  organiied  program  ot  the  ezperlment  station, 
i.  program  which  has  been  given  careful  consideration  each  year  and 
so  shaped  as  to  meet  some  ot  the  outstanding  agricultural  problems  ot 
the  state  in  so  tar  as  this  is  possible  with  the  funds  available. 

InTeBtipttlons  in  CO'OperKtlon  With  He  U.  S.  Department  of 
A^enltore 

Investigations  In  forage  crop  production  conducted  In  co-operation 
with  the  office  of  Forage  Crop  Investigations  were  continued  as  here- 
tofore at  the  main  station  at  Pullman,  the  Adams  Branch  Station  at 
Llnd  and  the  Branch  Station  at  Waterville,  but  with  some  reduction  In 
appropriations  from  the  U.  S,  Department  ot  Agrlcnltnre. 

Co-operation  with  the  office  of  Cereal  Inveetlgatlons  in  breodlng 
wheat  for  smut  resietance  at  the  main  station  at  Pullman  and  In  Inves- 
tlgatlone  of  the  foot  rot  of  wheat  was  continued. 

Co-operatlon  with  the  Bureau  ot  Entomology  In  wire  worm  investi- 
gations commenced  three  years  ago,  was  continued  by  the  Bureau  ot 
Entomology,  the  work  being  done  primarily  In  the  Adams  county  area 
with  headquarters  at  RltzvlUe  and  Ltnd. 

Investigations  in  seed  potato  production  In  co-operation  with  the 
otflce  of  Horticultural  InveHtigations  were  continued,  the  work  being 
done  at  Pullman,  at  the  Irrigation  Branch  Station  at  Prosser  and  la 
cO'Operatlon  with  farmers  In  Clark,  Yakima  and  Spohane  counties. 

Co-operation  with  the  Bureau  of  Agricultural  Economics  and  with 
the  UniveTBtty  of  Idaho  in  Investigating  the  cost  of  producing  wheat 
and  the  organization  ot  wheat  farms  in  the  Palouse  country  was  con- 
tinued tor  the  third  year  and  the  results  will  be  published  in  the  near 
future. 

Co-operation  with  the  office  of  Sugar  Beet  Inveetlgatlons  ot  the 
U.  S.  Department  ot  Agriculture  in  a  study  of  farm  organisation  and 
cost  ot  producing  crops  In  the  sugar  beet  section  was  commenced. 

On  invitation,  the  office  of  Western  Irrigation  Agriculture 
placed  a  representative  at  the  Irrigation  Branch  Station  at  Prosaer 
to  co-operate  with  the  station  staff  In  irrigation  studies. 

Changres  fn  Stall 
E.  O.  Woodward,  head  of  the  Department  ot  Dairy  Huabandry.  re- 
signed March.  1922,  to  take  up  dairy  farming  In  Conectlcut  and  E.  T. 
Ellington  ot  the  U.  S.  Department  ot  Agriculture  was  appointed  as  his 


J.  R.  Neller.  formerly  of  the  New  Jersey  Experiment  Station,  was 
appointed  assistant  chemist,  August,  1921. 

Bnlldlng§  and  Land 

A  beet  cattle  barn  140x32  and  two  wlnge  60x36,  and  a  sheep  barn 
100x48  were  completed.    Two  cement  stios  14x36  were  conatructod  in 
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connectioD  Tlth  tlie  beet  cattle  barn  and  a  wooden  alio  12x30  In  con- 
nection with  the  sheep  barn.  Lots  around  the  beet  cattle  barn  were 
ailed  with  crushed  rock.  Both  of  these  buildings,  while  serving  pri- 
marily the  teaching  work  In  the  College  of  Agriculture,  also  are  at 
help  In  Investigational  work.  The  old  cattle  barn  was  remodeled  some- 
what, providing  better  and  more  ample  quarters  tor  the  dairy  cattle. 

At  the  Irrigation  Branch  Station  at  Prosser,  an  addltlODol  silo, 
14i44^  feet  and  corrals  and  feeding  lote  for  sheep  and  cattle  were 
constructed.  The  farm  was  fenced  rabbit-tight  to  prevent  depreda- 
tions by  rabbits  In  the  eTperlmental  plats.  The  irrigation  system  was 
Improved  and  practically  completed.  At  this  atatlon  there  Is  now  great 
need  tor  a  cottage  for  the  superintendent,  who  at  present  must  reside 
la  town  tour  miles  away;  a  cottage  for  one  of  the  Investigators  on  the 
station;  a  laboratory  and  seed  house;  a  bunk  house  tor  the  farm  help; 
R  dairy  bsrn,  poultry  house  and  a  hog  house,  tt  Is  contemplated  that 
Hll  buildings  at  the  Irrigation  Station  will  be  simple  In  type  and  con- 
struction and  of  such  character  that  any  ot  them  may  be  duplicated  by 
the  practical  farmer. 

At  the  Adams  Branch  Station  the  buildings  were  given  a  coat  of 
paint  No  additional  buildings  are  contemplated  at  present. 

At  the  WatervlUe  Branch  Station  some  repairs  were  made  on  the 
old  house  at  the  rented  farm  so  as  to  make  it  usable  for  farm  help. 
No  building  program  Is  contemplated  at  this  station. 

In  the  last  two  annual  reports  of  the  Experiment  Station,  tlie 
need  tor  more  land  at  the.  State  College  at  Pullman  tor  the  growing 
tit  pure  seeds  for  distribution  to  the  farmers  of  the  state  has  been 
emphasized.  The  college  farm  Is  being  used  more  and  more  for  pas- 
ture and  for  producing  teed  and  forage  for  the  dairy  and  beef  cattle 
herds  and  therefore  the  seed  producing  area  has  been  reduced.  More 
land  Is  still  needed  tor  pasture  and  forage  production  while  the  de- 
mand for  seeds  of  improved  varieties  Is  beyond  the  ability  of  the 
station  to  supply.  As  such  varieties  are  secured  by  means  of  breed- 
ing, by  importation  from  other  countries  and  other  states  and  by  se- 
lection, this  demand  will  become  the  more  urgent.  In  the  director's 
report  for  1920  and  again  In  the  report  for  1921  the  following  para- 
graph occurs. 

"The  college  tarm,  now  consisting  of  about  560  acres,  is  used 
tor  all  the  experimental  work  and  for  the  growing  of  some  seed  and 
some  teed.  There  Is  always  more  demand  tor  seed  than  can  be  sup- 
plied. Large  quantities  of  feed  also  must  be  purchased  each  year  tor 
the  stock  on  band,  and  with  the  increasing  herds  and  flocks  more 
feed  will  be  needed.  It  should  not  be  necessary  to  ship  this  In  and 
to  pay  tor  freight  and  dealers'  profits  as  well  as  feed  trom  current 
appropriations.  With  additional  land  on  which  to  Increase  and  grow 
seed  for  distribution,  the  land  now  devoted  to  this  purpose  would  be 
available  for  necessary  expansion  of  pastures  and  tor  teed  produc- 
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Uon."    It  la  orgentlr  recommended  that  provtslon  be  made  tor  addi- 
tional land  BO  that  the  needs  here  Indicated  may  be  provided. 

In  connection  with  the  eeed  work,  a  seed  house  with  ample  Btor- 
age  lor  the  aeed  handled  and  thoroly  equipped  tor  handling  and  dis- 
tributing superior  seeds  1b  esBentlal.  This  Is  now  lacking  and  should 
be  suDnlled 

Needed  Addlttone  to  Uie  StaUoB  Staff 

That  there  Is  much  need  tor  additions  to  the  station  statT  was 
stressed  In  the  report  tor  1921.  There  should  be  additional  special- 
ists devoting  tuU  time  to  Investigational  work  on  many  urgent  cul- 
tural, management  plant  diseases  and  Insect  problems  ot  horticultural 
crops  which  are  ot  vital  Importance  to  this  industry  and  which  are 
not  yet  solved.  Among  these  the  leaf  roller,  the  most  eerloos  pest 
confronting  the  fruit  growers  ot  the  state,  already  well  established 
la  the  Spokane  Valley  and  spreading  to  the  Wenatchee,  the  Takbna 
and  the  Walla  Walla  areas;  the  red  spider,  a  pest  which  Is  a  menace 
to  tree  fruits,  small  fruits,  vegetables  and  ornamental  plants;  the  collar 
or  crown  rot,  a  disease  aftectlDg  apple  trees  In  the  Irrigated  sec- 
tions; soil  fertility  In  orchard  and  berry  fields,  believed  by  many  trait 
growers  to  be  the  most  Important  problem  affectlug  yield,  quality 
and  costs;  the  cultural  disease  and  Insect  pests  ot  cranberry  grow- 
ing, which  are  threatening  the  very  lite  of  this  Infant  Industry,  and 
the  strawberry  root  weevil  which  within  twenty  years  has  spread  to 
every  strawberry  district  In  the  state  are  outstanding  examples. 

Investigational  work  Is  urgently  needed  on  contagious  abortion  la 
cattle,  a  disease  affecting  from  60  to  75  per  cent  of  the  dairy  herds 
of  the  entire  state  and  many  of  the  beet  cattle  herds.  This  problem 
is  so  serious  not  only  to  the  Individual  dalrymui  In  whose  herd  the 
disease  Is  found  but  to  the  dairy  industry  of  the  entire  state  that 
there  should  be  no  further  delay  tn  undertaking  comprehensive  In- 
vestigations looking  to  its  solution.  While  this  may  take  years  of  In- 
tensive work  it  Is  not  too  early  to  begin. 

Cost  of  production  and  farm  organisation  studies  have  been  found 
extremely  useful  to  farmers  In  making  clear  wbat  farm  products 
actually  cost  the  producer  and  In  pofnUng  out  the  types  ot  tann 
organization  which  are  the  most  likely  to  reduce  production  costs 
and,  therefore,  are  very  helpful  not  only  In  a  period  ot  stress  such 
as  agriculture  la  undergoing  today  bnt  In  more  normal  periods.  Some 
Investigational  work  along  this  line  has  been  made  possible  by  co- 
operation with  the  U.  B.  Department  ot  Agriculture  and  by  the  use  ot 
a  research  fellow  In  connection  with  the  station.  There  should  be 
funds,  however,  so  that  a  full  time  Investigator  with  the  necassarr 
clerical  assistance  conld  be  employed  to  take  up  such  studies  as  the 
cost  of  production  and  organlcatlon  of  fruit  farms,  poultry  farms, 
general  dlverstAed  farms  In  the  Irrigation  belt  and  problems  In  con- 
nection with  land  tenure  and  leasing. 
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Additional  h«1p  for  InreBtlKatlonal  work  also  la  mnch  needad  In 
dairying,  animal  huabandtr,  farm  crops,  boIIb  and  poultry  fausbasdry. 
Sack  help  should  derota  tnll  time  to  experiment  station  work  bo  that 
ft  wll)  be  poBstble  at  any  time  to  mafae  the  necessarr  trips  to  those 
aectlona  of  the  state  where  the  problems  occur. 

Increased  maintenance  Is  a  necessity  In  connection  with  many  of 
the  tnndamestal  studies  now  under  way  and  the  investigations  to  be 
undertaken.  The  needs  of  the  Tarlons  dlvlBions  of  the  station  are 
more  fully  dlscnased  In  the  divisional  reports. 

With  the  general  demand  and  need  tor  retrenchment,  It  may  seem 
to  some  that  the  State  of  Washington  cannot  now  afford  to  undertake 
more  Invastlgatlons  even  though  they  are  esaentlal  to  the  welfare  of 
agriculture.  In  view,  however,  of  the  Increasing  benefits  to  the  state 
from  past  Investigations  such  as  methods  ot  control  of  the  codling 
moth  and  the  San  Jose  scale,  the  development  ot  the  lime  snlphnr 
spray,  the  extension  ot  the  use  ot  mlsclble  oil,  the  vast  changes  in 
spraying  practice,  the  adoption  of  the  cover  crop  system  in  orcharda, 
the  development  and  use  of  high  yielding  varieties  of  wheat,  the  better- 
ment of  smut  control  methods,  the  Improvements  in  tillage  practices 
and  soil  management  resulting  from  soil  experiments,  the  demonstra- 
tion of  the  use  of  iodine  in  the  control  of  goitre  In  domestic  animals 
and  Improvements  tn  poultry  management,  and  the  great  importance  ot 
the  experimental  work  now  under  way  together  with  the  pressing 
needs  for  additional  Investigations  briefly  reviewed  and  stressed  In 
tlUs  report,  the  question  Is  not,  will  It  pay  or  can  the  state  do  thia  now, 
but  rather  can  Washington  afford  not  to  have  this  work  done? 


DITISION  OF  AOBICULTCBAL  EKfilNEENIfO 
L.  J.  Smitli  In  Char^ 

One  of  the  moet  Important  problems  of  the  farmer  In  logged  off 
areas  Is  the  clearing  of  logged  oft  lands  and  putting  these  Into  such 
8^ape  that  they  may  be  used  for  agricultural  purposes.  Almost  every 
farmer  in  this  section  has  some  uncleared  land  on  his  place.  Many 
methods  of  clearing  have  been  tried.  Some  ore  better  adapted  to 
certain  conditions  than  others.  Certain  methods  are  tried  at  a  very 
considerable  expense  and  found  to  be  tailares.  in  a  few  years  some 
one  else  comes  along  and  makes  the  same  mistake,  not  having  the 
benefit  ot  the  experience  ot  those  who  have  gone  before. 

Thru  the  co-operation  ot  Director  Dan  Scott  of  the  State  Depart- 
ment ot  Conservation  and  Development,  the  Division  of  Agrlcnltaral 
Bngineerlng  was  able  to  put  a  specialist  In  Agricultural  Engineering 
tn  the  field  for  five  months  to  study  methods  and  coats  of  clearing 
logged  oft  lands.  He  found  that  a  combination  ot  splitting  with  powder 
and  pulling  with  gasoline  or  light  steady  donkeys  often  Is  one  ot  the 
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quickest  and  most  economical  methode  ol  procedure.  Many  fall 
to  understand  the  possibility  of  pulling  out  stumps  with  a  team  ttt 
horses  and  block  and  tackle.  Where  the  soli  has  a  auftident  amotmt 
of  clay  to  allow  the  root  to  be  well  burned  out,  proper  methods  of 
burning  were  found  to  be  the  simplest  and  cheapest  on  many  rarms 
where  more  expensive  equipment  could  not  be  had.  Mauy  tarmera 
werei  found  to  be  unfamiliar  with  modem  methods  at  burning  stumps. 

A  report  of  the  Investigational  work  which  deals  with  the  methods 
of  using  tackle  for  pulling  and  piling  stumps,  the  use  of  powder  and 
modern  burning  methods  together  with  considerable  cost  data  of  split- 
ting and  pulling  was  prepared.  This  has  been  submitted  to  the  State 
Department  of  Conservation  and'  Development  for  patritcatlon- 

In  connection  with  the  new  dust  treatment  tor  the  prevention  of 
wheat  smut,  a  machine  was  devised  for  applying  the  copper  carbonate 
efficiently  and  at  a  low  cost.  Blue  prints  of  the  machine  were  made 
for  distribution  on  request  to  farmers.  A  patent  was  applied  lor  in 
the  name  of  the  experiment  station  to  protect  those  who  wish  to  make 
their  own  machines. 
Seeds  of  the  Division 

The  logged  off  problem  Is  so  Important  a  one  in  this  state  irhere 
there  are  between  two  and  three  million  acres  ot  togged  off  land. 
which,  when  cleared,  will  be  suitable  for  agriculture,  that  it  would 
seem  essential  tor  the  state  to  undertake  a  program  of  careful  iOTestl- 
gatlon  to  simplify  methods  and  reduce  the  cost  of  clearing  land  in 
order  that  It  may  be  brought  Into  productive  use. 

A  maintenance  fund  tor  helpful  Investigations  In  connection  with 
farm  equipment  and  farm  repairs  Is  needed. 


DIVISION  OF  ANIMAL  HUSBANDRY 
H.  Hachedom  In  Charge 

BEEF  CATTLE  INVESTIGATIONS 

Sunflower  Sllaff«  >».  Corn  SUage  for  Uie  ProdocUon  of  Beeft 

During  the  76-day  period  between  December  2,  1921.  and  February 
14,  1922,  two  fairly  uniform  lots  ot  grade  cattle  were  ted  with  the 
view  ot  comparing  sunflower  and  corn  silages  in  roughage  rations  ot 
steers.  One  lot  ot  13  steers  received  an  average  daily  mtlon  of  two 
pounds  cottonseed  meal,  13.2  lbs.  alfalfa  hay  and  39.6  lbs.  corn  silage 
per  head.  The  other  lot  ot  12  steers  consumed  2.1  lbs.  cottonseed  me«l. 
12.4  lbs.  alfalfa  hay  and  43.0  lbs.  sunflower  silage.  The  average  dally 
gain  for  the  entire  period  was  the  same  for  both  lota,  being  l.i  Ibe-  per 
steer.  No  difference  In  condition  could  be  detected  between  the  cattle 
ted  com  allage  and  those  ted  aunflower  silage.     No  trouble  was  ex- 
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perieuced  in  getttiiB  steers  Btarted  on  sunnower  silage,  and  unltonn 
coneumptiOQ  ot  this  rougtiage  was  noted  throughout  the  test. 

Prodncln?  BeglBtered  Beef  Cattle  Under  Farm  Conditional 

Two  years'  data  have  been  compiled  concerDlDS  tbe  operations 
ot  the  college  beef  herd.  These  records  Include  breeding  and  caMog 
dates,  feed  and  weight  records,  length  of  the  pastare  season,  the  area 
graced  and  kind  of  pasture,  the  coBt  of  fitting  show  steers  and  ex- 
penses of  showing,  sale  expenses,  etc. 

SHEEP  IHVE8TIOATI0N8 
Lanib  Feeding:* 

A  summarjr  of  the  first  year's  work  with  fourteen  lots  of  fifty 
lambs  each,  fed  slxtjr  days,  was  published  in  Bnlletln  170.    The  work 
for  the  coming  year  Is  to  he  conducted  along  essentially  the  same 
lines. 
FInt,  Second  and  Third  CntUngB  of  Alfalfa  Ray  Compared  i* 

The  first  year's  results  indicate  that  If  first  cutting  hay  is  con- 
sidered as  100  per  cent,  then  second  cutting  hay  Is  only  63  per  cent 
and  third  cutting  86  per  cent  as  valuatile  for  fattening  lambs. 


If  first  cutting  alfalfa  hay  is  considered  100  per  cent,  then  first 
cutting  sweet  clover  cut  tor  hay  at  a  height  ot  24  to  30  Inches  has  a 
value  of  123  per  cent 
Light  and  Heary  Grain  Rations  Compared  i* 

Five  lots  were  fed  respectively  one-fourth,  one-half,  three-fourths, 
one  and  one-half  lbs.  of  corn  per  head  daily,  with  all  of  the  hay  that 
they  would  consume.  The  second  year's  work  will  be  modified  to 
Include  com  silage  In  the  ration. 

The  largest  returns  were  obtained  with    the  most  liberal   grain 
feeding.     The  test  shows  that  the  cheaper  gains   do  not  neceesarlly 
return  the  greater  proflt  because  ot  a  lower  market  valuation  ot  the 
poorer  finished  lambs  fed  the  cheaper  rations. 
The  TaJae  of  SUatre  in  Lamb  Rations  i* 

The  first  year's  work  shows  a  decided  advantage  resulting  from 
the  addition  of  one  and  one-half  lbs.  com  silage  to  com  and  alfalfa 
hay  rations,  for  fattening  lambs.  The  addition  of  cottonseed  meal  to  a 
corn,  alfalfa  hay  and  silage  ration,  resulted  In  an  increased  cost  of 
gains  without  increasing  the  value  or  affecting  the  rapidity  of  gains 
or  degree  ot  finish  over  those  lots   ted   no  cottonseed  meal:     The 

*A11   experiments  marked   with  an   asterisk  were  conducted    at   the 
Irrigation  Branch  Station  at  Prosaer 
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cLemlcal  analysis  of  the  h&y  used  In  the  experiment  showed  It  to  con- 
tain 13.44  per  cent  crude  protein  which  IB  higher  than  moat  Middle 
West  haj-B. 

Bt-et  MolKSBes  Compared  With  Com  When  It  Replaces  One-TUrd 
of  the  ConeenlrBtcs  I* 

Lambs  fed  .483  lbs.  beet  molosseB  and  .960  lbs.  of  com  per  head 
da1)y  made  as  good  gains  as  those  fed  1.354  lbs.  com.  The  molasaea 
Induced  a  sllgbtly  greater  hay  consumption.  The  test  shows  that 
136.29  lbs.  beet  molasses  had  the  same  feeding  value  as  11G.89  lbs. 
com  pins  65.eo  lbs.  alfalfa  hay.  The  lambs  fed  corn  and  beet  molasses 
although  making  as  good  gains  as  those  fed  straight  com  sold  at 
1.26  per  lot  less  than  the  corn  lot  because  of  a  slightly  lower  finish. 
Flock  Records: 

Records  of  the  management  ot  a  flock  of  GO  ewea  under  farm 
conditions  have  been  kept  for  two  years  and  are  being  continued. 
The  data  Icclude  teed,  weight,  shearing,  sale  and  cost  records. 

BWINE  niTESTlGATIONS 
C«mparatfTe  Valne  of  Protein  Supplements  In  Swine  Batlong: 

A  summary  of  the  last  three  years'  work  wae  published  aa  Bulletin 
170  of  the  regular  series.     Some  ot  the  outstanding  findings  follow: 

Flshmeal  and  digester  tankage  have,  from  a  practical  standpoint, 
an  equal  feeding  value. 

Cocoaunt  meal  can  bs  successtully  substituted  for  miUmti  In  hog 
rations.    It  Is  not  a  sattefactory  protein  supplement  when  used  alone. 

Linseed  meal  does  not  produce  as  big  and  as  economical  gains, 
nor  as  satisfactory  growth  as  tankage  and  flsbmeal,  when  used  to  sai>- 
plement  barley  mlsed  with  one-third  its  weight  ot  mlUrun. 

Mixtures  of  linseed  meal  with  either  tankage  or  flshmeal,  have 
no  apparent  advantage  over  either  tankage  or  [iBbmeal,  but  they  do 
produce  better  results  than  linseed  meal  alone. 

Cane  molasseB  was  equivalent  In  feeding  value,  pound  for  pound, 
to  barley,  when  fed  on  pea  forage,  when  used  In  replacing  only  one- 
half  ot  the  barley  in  the  ration.  It  did  not  prove  as  efficient  when 
fed  in  dry  lot,  nor  when  substituted  tor  one-halt  ot  the  barley  in  the 
ration  at  the  rate  of  one  and  one-halt  pounds  of  molasses  for  one 
pound  of  barley. 

Peas  yielding  15.5  to  17.0  bushels  per  acre,  pastured  ott  by  hogs 
produced  14G.S  to  223.9  pounds  of  pork  per  acre.  Id  general,  the  grain 
saved  by  producing  the  pork  on  pea  forage,  as  compared  with  dry 
lot  was  practically  equivalent  to  the  yield  of  peas.  This  with  the  labor 
saved  in  harveBting  the  peas,  aa  well  as  the  advantage  ot  increasing 
soil  fertility,  recommend  peas  as  a  practical  forage  crop  for  hogs  under 
Eastern  Washington  conditions,  wherever  the  rainfall  1b  sutticlent 
to  grow  peas  succesBfuIly. 

An  acre  ot  alfalfa  which  yielded  approximately  two  tons  of  ha^ 
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the  first  catting,  produced  during  the  remaining  p&rt  ot  the  summer 
and  fall,  when  pastured,  from  August  11  to  October  16,  a  total  of  81 
pounds  of  pork. 

Herd  Management  i 

One  year's  records  have  been  completed  on  the  work  outlined  to 
compare  the  results  ot  two  systems  of  swine  management,  one  In  which 
the  pigs  are  to  be  farrowed  during  early  March  and  the  other  during 
the  latter  part  ot  April. 

The  Talne  of  Wheat  Stubble  for  Fattening  Plgsi 

Hogs  tamed  Into  a  wheat  stubble  field,  which  was  rated  as  hav- 
ing more  than  the  average  amount  of  short  heads  and  shattered 
grain  gained  only  four-tenths  pound  per  head  per  day.  The  area 
per  pig  was  three  and  a  third  acres  and  4.S2  pounds  of  pork  was  pro- 
daced  per  acre.  If  conditions  bad  permitted,  the  stubble  would  have 
furnished  feed  for  20  to  30  days  longer. 

The  Feedli^  Value  «f  MlUrnn  and  Alfalfa  Uuj  In  Batlons  for  Growing 

PlffSJ* 

The  results  from  two  lota  of  (all  farrowed  pigs,  fed  in  this  ex- 
periment indicate  that  for  growing  breeding  stock,  fine  leafy  first 
cutting  alfalfa  can  be  substituted  for  mlllmn.  The  ration  containing 
the  mlllmn  was   more  satisfactory  for  hogs  to  be  marketed  as  fat 


DIVISION  OF  BACTGBIOLOCIT 
W.  L  Nightingale  In  Charge 


Legume  Cnltore  IVorli: 

In  co-operation  with  the  Department  of  Farm  Crops,  6,191  b 


Factors  That  Control  the  Infection  of  Legumes  by  Baet«rlai 

Work  was  continued  In  the  greenhouse  on  this  project  and  about 
300  total  nitrogen  determinations  were  made  In  the  laboratory  from 
samples  taken  in  last  year's  work.  These  analyses  cover  the  plants 
which  were  In  the  greenhouse.  Samples  of  plants  taken  in  the  field 
are  now  ready  to  be  analysed.  Data  were  taken  on  the  virulence  and 
efficiency  of  34  different  strains  ot  B.  radlclcola  last  year  and  this 
year  the  work  was  duplicated  and  extended  to  Include  40  different 
strains  of  B.  radlclcola.     Many  of  these  strains  were  secured  from 
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other  experiment  sUtlona  and  comimred  with  strains  secured  at  or 
native  to  the  vicinity  at  Pullman. 

ThlB  year's  greenhouse  work  has  been  completed  and  the  data 
taken  will  be  sufficient  for  completing  this  project.  The  data,  at  pres- 
ent compiled  show  InterestluK  and  practical  variations  In  the  effi- 
ciency of  the  various  strains  of  bacteria  under  way. 

I  LontfevltT  of  B,  RadicleoU  Applied  ta  Le^ame 

An  experiment  was  started  In  March,  1922,  and  data  periodically 
taken  since  that  time  to  determtne  the  necessity  of  keeping  seeds  away 
from  sunlight  after  they  have  been  artlflclalty  Inoculated.  Growers 
have  been  advised  In  the  past  that  it  Is  imperative  to  keep  the  seeds 
away  from  sunlight  In  order  to  prevent  the  destruction  of  the  bacteria 
applied  to  them.  It  has  even  been  advocated  that  seeding  should  be 
done  on  cloudy  days  In  order  that  the  sunlight  might  not  Idll  the  bac- 
teria. Data  have  been  taken  on  tour  different  varieties  of  common 
legume  seeds  planted  in  this  state,  showing  that  the  bacteria  applied 
are  not  all  Immediately  killed  by  exposure  to  sunlight.  A  very  high 
Iiercentage.  however,  are  found  to  be  killed  during  the  first  few  days 
exposure.  From  that  time  on  appreciable  numbers  have  been  found 
to  remain  alive  on  the  seed  after  four  months  exposure  to  sunlight. 

This  work  promises  to  give  very  Interesting  and  practical  results 
and  will  be  continued. 

The  Effect  of  Varlons  Fkctorg  on  Inocnistloa  With  Leimnie  Bacterial 

A  small  amount  of  work  was  conducted  on  this  project.  Field  work 
Ir  co-operation  with  the  county  agent  of  Franklin  county  on  new  land, 
old  land  that  had  previously  grown  legumes  and  on  land  that  had  never 
grown  legumes,  will  give  comparative  results  of  the  value  of  Inocula- 
tion in  that  county. 

Soils  from  Snohomish.  Grays  Harbor,  Kittitas,  Lewis.  Kitsap  and 
Adams  counties  were  under  study  In  the  greenhouee.  Data  were  se- 
cured on  the  presence  of  B.  radlclcola  and  the  effect  of  chemical  stim- 
ulation upon  the  growth  of  legumes  In  these  soils.  Comparisons  were 
also  made  in  the  greenhouse  and  In  the  Held  on  three  different  kinds  of 
commercial  cultures  and  the  pure  cultures  made  at  this  station. 
Vinegar  Culture  Wurki 

This  work  Is  being  carried  on  as  a  new  phase  of  experiment  station 
service  and  116  farmers  were  supplied  with  172  cultures.  A  pamphlet 
on  how  to  make  cider  vinegar  was  prepared  and  Is  distributed  to  vine- 
gar makers  with  a  complete  set  of  instructions  for  the  use  of  pure 
cultures. 

Some  experimental  work  was  carried  on  througout  the  year  on 
different  varieties  of  apple  Juices  to  stud;  the  problems  of  vinegar 
making  and  to  test  out  the  efficiency  of  the  vinegar  cnltores. 
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DIVISION  OF  CHE*ISTRT 
J.  L.  St.  John  Id  Charge 
XatrtUve  Viilne  of  Wheat: 

The  study  of  tbe  Htolts  tor  the  need  ot  Inorganic  elementB  In  a 
wheat  ration  has  been  contlaued  and  results  on  the  optimum  and  max- 
imum limits  in  the  use  ot  HOdlum  have  been  obtained.  The  ration  con- 
taining one-half  per  cent  ot  the  element  sodium  bas  proved  very 
successful  and  a  ration  containing  .3  per  cent  also  gave  successtul  re- 
sults. The  optimum  evidently  lies  between  these  two  and  .35  per  cent 
ot  this  element  In  the  ration  seemed  to  give  the  best  results  when 
growth,  reproduction  and  general  condition  of  the  experimental  ani- 
mals are  considered.  Over  one  per  cent  in  the  ration  gave  very  un- 
satisfactory results,  as  had  a  ration  containing  no  added  sodium.  In 
addition  to  the  effect  of  such  variation  of  tbls  element  on  the  growth 
and  reproduction  ot  the  animals.  It  bas  been  noted  that  a  proper  salt 
adjustment  also  permits  a  much  more  economical  use  ot  feed.  This 
work  Is  nearly  ready  for  publication. 

A  study  has  been  made  of  the  effect  ot  the  variation  of  chlorine. 
Althoagh  this  work  has  not  been  completed,  it  seems  to  show  that  It  Is 
necessary  to  add  chlorine  to  such  a  wheat  ration  for  a  successful  rear- 
ing of  the  experimental  animals.  Work  is  being  continued  to  confirm 
this  point  and  to  establish  the  optimum  and  maximum  limits  for  the 
need  of  this  element. 

Work  has  been  started  on  the  value  ot  the  element  potassium  In  a 
wheat  ration  and  the  very  limited  amount  of  data  so  far  obtained  In- 
dicates that  potaBsium  may  replace  sodium  In  such  a  ration. 

A  comparative  study  Is  also  being  made  of  the  actual  nutrltatlve 
value  of  different  wheats  and  the  flour  produced  from  these  wheats. 
The  higher  nutritional  value  and  economy  ot  wheat  over  flour  Is  notice- 
able and  the  hard  wheat  proved  to  be  ot  greater  value  than  the  soft 
wheat. 
Snifnr  As  a  Plant  Food: 

Work  was  resumed  on  this  project  last  year  and  this  has  b«en 
continued.  Through  laboratory,  greenhouse  and  field  results  it  Is 
hoped  to  determine  the  place  ot  various  forms  ot  sulfur  in  a  system  of 
permanent  agriculture.  Data  obtained  during  the  year  Indicate  that 
the  application  of  elemental  sulfur  at  the  rate  ot  IflO  and  500  pounds 
per  acre  causes  an  accumulation  of  soil  nitrates  while  a  1000  pound 
application  causes  a  decrease.  Nitrate  accumulation  was  decreased  by 
the  use  ot  sulfur  on  manured  soils.  Sulfur  oildlied  fairly  rapidly  In  the 
soils  tested  and  the  rate  of  oxidation  was  affected  but  little  by  the  addi- 
tion of  manure.  The  rate  ot  oxidation  ot  sulfur  applied  at  the  rate  of 
500  pounds  per  acre  seems  to  be  about  the  same  In  Palouse  and  LInd 
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BOilB.  Palouee  soil  eeema  to*  canUln  more  soluble  sulphate  than  Lind. 
eofl.  The  application  of  a  moderate  amount  of  both  gypBum  and  ele- 
mental sulfur  caused  an  Increase  In  some  cases  over  the  smaller  sppll- 
aUalfa  and  clover  on  Llnd  and  Paloase  eolls.  The  Increase  obtained 
from  the  Llnd  eoll  was  much  larger  than  from  the  Palonse  soil,  the 
increase  being  striking  In  the  case  of  clover  on  the  former  where  the 
applications  increased  the  ^leld  to  four  and  Qve  times  that  of  the  check 
pot.  The  application  of  1000  pounds  of  gypsum  and  500  pounds  of  ele- 
mental sulfur  caused  an  Increase  in  some  cases  over  the  smaller  ^pll-' 
cation  while  tn  other  cases  the  yield  was  less  than  in  the  check  pots. 
Treatment  Increased  the  protein  content  of  the  legumes  grown  on  the 
Llnd  soil  considerably  more  than  thoee  grown  on  the  Palouse  soil. 

Heaenrable  CbarKcteiisUcs  of  Matnrln?  Frnll« ; 

Work  has  been  started  on  this  project  In  co-operation  with  the 
Horticultural  Division  under  Adams  funds.    Methods  are  being  worked 
out  and  some  data  have  been  collected  on  the  changes  occuring  dur- 
ing ripening. 
BaUng  QnallUes  «f  Plonr: 

The  study  of  the  action  of  enzymes  on  various  flours  is  being  con- 
tinued In  order  to  obtain  more  Information  on  the  quality  of  varioas 
glutens. 
C»-operatlTe  Stndy  of  MeUiods  of  Analysis: 

The  Association  of  Official  Agricultural  Chemists  is  actively  pur- 
suing a  study  of  various  methods  of  Importance  to  agricultural 
chemists.  It  has  been  possible  for  the  division  to  co-operate  in  this  In- 
vestigation by  work  on  different  methods  for  the  determination  of  fibre 
tn  feeding  stuffs  and  the  determination  of  arsenic  In  several  different 
spray  materials. 

Servlee  WoA  WltiiiB  Ue  StaUoDi 

Chemical  help  on  projects  under  way  in  other  divisions  of  the  EIx- 
perlment  Station  Is  much  needed.  The  division  has  endeavored  to  do 
as  much  of  this  work  during  the  year  as  possible.  Analyses  have  been 
made  of  a  variety  of  samples  tor  the  Veterinary,  Bacteriology,  Horti- 
cultural, Animal  Husbandry,  Dairy  Husbandry,  Poultry  and  Entom- 
ology Divisions  of  the  Station. 

Mlgcelianeons  Service  Worki 

Samples  of  foods  have  been  analyzed  for  the  purchasing  department 
at  Olympla.  A  large  number  of  miscellaneous  samples  are  received 
during  the  year  which  cannot  be  handled  because  of  lack  of  chemists 
and  funds.  Such  samples  Include  feeds,  water,  spray  materials,  samples 
in  coses  in  which  poison  is  suspected,  etc.  It  ts  necessary  to  charge  a 
fee  for  analyses  of  such  samples. 
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8tst« 

A  large  part  of  the  duties  of  the  Chemistry  Division  are  In  connec- 
tion with  the  entorcement  of  the  pure  food,  feed,  fertilizer,  Insecticide 
and  fungicide  laws  of  the  state.  This  work  la  done  In  co-operatlon  with 
the  State  Department  of  Agriculture  and  analysea  made  of  official 
samples  received  from  the  Inspectors  of  that  department.  The  number 
of  Bamples  received  has  been  several  times  larger  than  in  previous 
years. 

Over  one-fifth  of  the  samples  of  feeds  and  fertilizers  received  have 
proved  grossly  Illegal  and  many  others  Illegal  to  a  lesser  extent  and 
less  than  one-half  of  the  brands  of  feeds  and  fertlltsers  registered  In 
this  state  have  been  Inspected.  The  need  tor  a  large  eipanslon  of  the 
work,  therefore.  la  evident  In  connection  with  the  terttltzer  fnapec- 
tion  It  would  alao  be  highly  desirable  to  check  up  the  availability  of 
the  fertilizer  elements  In  addition  to  determining  the  total  amount 
present 

Many  samples  of  foods,  dairy  products  and  spray  materials  were 
received  and  In  several  cases  striking  violations  of  the  law  were  noted. 
Ad  InBlgnlficant  number  of  such  samples  are  handled  in  comparison 
with  the  need.  In  a  state  In  which  horticulture  la  Important,  spray  ma- 
terials ahould  be  carefully  checked.  The  purity  ot  fooda  Is  of  Interest 
to  everyone. 

A  special  fund  should  be  available  with  which  the  State  Chemist 
and  the  State  Department  of  Agriculture  might  handle  the  work  of 
protecting  the  people  of  the  state  against  fraud  and  carelessness  In 
the  manufacture  of  products  which  are  sold  to  the  consumer.  This 
could  be  raised  either  by  direct  legislative  appropriation  or  by  a  ton- 
nage and  tag  tas,  the  proceeds  of  which  should  be  used  for  this  pur- 
pose. The  latter  method  le  preferable  as  it  Involves  no  increase  In 
the  expense  of  the  state,  and  places  the  expense  on  those  directly  bene- 
fited. This  fund  should  not  only  cover  the  salaries  and  expenses  In- 
volved In  this  work  but  ahould  also  permit  the  State  Chemist  to  publish 
the  results  of  the  work  done.  The  uae  ot  such  results  by  the  consumer 
la  the  purchase  of  his  supplies  would  be  an  efCecttve  weapon  In  the 
enforcement  of  the  law.  The  results  obtained  this  year  are  ready  tor 
publication. 

Heeds: 

This  Experiment  Station  has  been  working  on  the  development  of 
a  smut  resistant  wheat  tor  aome  years.  A  careful  study  ot  the  lunda- 
metal  difference  between  smutting  and  smut  resisting  wheat  would  be 
of  much  value.  The  preparation  of  a  substitute  for  the  expensive  nic- 
otine sulphate  spray  would  be  of  great  economic  Importance  as  would 
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tli«  preparation  ol  a  sprar  tor  combating  tbe  leaf  roller.  The  cfaemlatry 
of  the  various  sprays  In  use  at  present  should  be  thoroughlr  studied. 
Methods  for  the  uttlltatlon  of  flaherr  by-products  should  be  Investi- 
gated. Definite  methods  of  classification  of  fish  and  meat  meals  to  de- 
termine whether  they  should  be  used  tor  feed  or  fertilizer  should  be 
worked  out  Fundainental  questions  of  nutrition  should  be  investi- 
gated Including  a  further  atud;  of  Inorganic  salts.  Results  obtained 
would  be  of  great  value  both  In  human  and  animal  nutrition.  Further 
co-operative  work  with  other  divisions  should  be  undertaken.  A  prob- 
lem in  poultry  feeding  la  calling  for  attention.  The  failure  of  ciders 
to  produce  vinegar  of  the  required  strength  should  be  Investigated.  A 
standard  for  various  foods  Including  some  canned  goods  and  Ice  cream 
mixes  should  be  worked  out 

From  the  facts  previously  mentioned.  It  seems  evident  that  the 
work  of  the  state  chemist  should  be  greatly  expanded.  With  addi- 
tional funds  from  a  tonnage  and  tag  tax,  the  Inspection  work  of  the 
State  Department  could  be  expanded  and  made  more  effective  and  sev- 
eral men  added  to  the  laboratories  of  the  state  chemist  to  handle  the 
samples  collected.  Such  additional  work  would  be  a  great  economy 
for  the  state. 


DIVISION  OF  DIIBT  HU8BAVDBT 
E.  T.  Ellington  in  Charge 
A  Stnd7  of  Calf  Batlonst 

A  study  of  calf  rations  has  been  in  progress  (or  the  past  three 
years.  In  this  investigation  comparisons  were  made  of  certain  pre- 
pared calf  meals,  home-made  calf  meals,  condensed  buttannlUc  powd- 
ered skim  milk  and  whole  milk  as  a  feed  for  grvwlng  calves. 

Thirty-five  calves  were  used  In  these  experiments,  ranging  In  age 
from  two  to  three  weeks  to  tour  to  six  months. 

The  following  table  is  a  summary  of  the  results: 


No.  of  animals.... 


Av.  No.  days  on  experiment. J4B.12B  73.33  105. 

Av.  gain  in  weight  per  day.  lbs 1.438  .SSS  1.243 

Av.  gain  In  height  at  withers  per 

calf  per  day,  inches 0677  ,029  .0728 

Av.  gain  in  chest  measure  per  calf 

per  day,  Inches 1119  .098  .1157 

Av.  amt.  teed  per  calf  per  day,  lbs.    3.&G7  1.470  8.8S 

Av.  amt.  grain  per  calf  per  day,  lbs.    3.387  1.923  1.623 

Hay    Alfalte  Hay  Ad.  Lib. 
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No.  of  anlraals.... 


At.  No.  days  on  experiment. 142.5  120.  114.6 

At,  gain  in  weight  per  d^,  lbs 1.122             1.88S  1.467 

At.  gain  In  height  at  withers  per 

call  pot  day,  fnchea -0663             .0679  .0869 

.0969  .0870  .1004 

1.226  2.07  1.660 

2.SS4  2.S19  3.032 

Hay    Alfalfa   Hay  Ad.  Lib. 

The  calTes  raised  on  these  rations  were  taken  trom  their  dams 
wtthin  24  hours  after  birth  and  were  then  ted  whole  mllb:  until  they 
were  ten  days  to  three  weeks  old.  At  that  time  the  experimental 
ration  was  gradually  aubstitated  tor  the  whole  milk,  a  week  to  ten 
days  being  used  to  make  the  chenge.  After  this  period  no  whole 
milk  was  fed. 

All  the  calves  were  allowed  access  to  water  and  salt  at  all  times 
and  alfalfa  hay  was  kept  continually  before  them.  They  received  a 
standard  grain  mixture  consisting  of  100  pounde  of  rolled  barley, 
100  ponodB  of  rolled  oata,  100  pounds  of  mill  run  and  100  pounds  of 
linseed  meal.  The  home  mixed  calf  meal  used  consisted  of  a  mixture 
ol  40  pounds  of  finely  ground  corn  meal,  20  pounds  of  finely  ground 
alfalfft  leaves,  20  pounds  of  mill  run  and  20  pounds  of  linseed  meal. 
Two  pounds  of  this  mixture  was  scalded  and  stirred  Into  enough 
wartn  water  to  make  a  gallon  of  Itquld  which  was  considered  equal 
to  a  gallon  of  milk. 

While  the  skim  milk  calres  made  slightly  greater  gains  per  day, 
they  were  followed  Tery  closely  by  those  on  home  mixed  calf  meal 
and  condensed  or  seml-solld  butter  milk.  It  was  noted  that  the  caWes 
raised  on  milk  substitutes  had  approximately  as  great  a  body  growth 
as  those  raised  on  milk,  but  the  former  appeared  more  rough  and 
carried  a  longer  coat  of  hair  than  the  latter.  It  was  somewhat  more 
difficult  to  change  calves  to  the  various  meals  than  to  skim  milk 
without  causing  scours.  In  no  case.  boweTer,  did  the  animals  refuse 
to  eat  the  meal  and  In  nearly  all  cases  they  would  eat  too  much  it 
gtTen  a  chance.  After  the  change  had  been  completed  there  was 
practically  no  danger  of  scours.  All  of  the  calTes  raised  on  condensed 
butter  milk  made  satisfactory  gains,  areraglng  1.43  pounds  per  day. 
While  the  gains  the  first  two  months  usually  were  less  than  these 
figures,  at  a  later  age  the  growth  was  more  rapid.  The  calves  ted 
condensed  butter  milk  were  not  troubled  with  scours. 

Only  three  calves  were  fed  skimmed  milk  powder.  These  were 
all  of  one  breed,  namely.  Jerseys.  Consequently  this  test  Is  not  as 
IncluslTe  as  the  condensed  butter  milk  test.  The  calves  made  an 
average  gaia  of  about  one  pound  a  day  for  the  period  of  SO  days. 
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The  Effect  of  Ezeretse  and  Feel  Upon  tke  TltaUtr  ud   nreedlat 
Abnitr  otBoUat 

The  work  reported  Id  the  29tli  and  30th  Annual  Reports  was 
coatlnued.  The  additional  results  seem  to  reinforce  the  eTldenc< 
that  In  the  case  at  slow  bulls  exerclae  greatly  dlmlulehel  the  time 
required  tor  service. 

In  the  examination  of  the  samples  ot  semen  taken  from  the 
cows  after  service  from  a  bull  that  had  exercised,  the  spermatoioa 
were  more  Tlgoroua  than  It  exercise  had  been  lacking.  This  was 
evidenced  b;  the  fact  that  they  were  motile  tor  a  longer  period 
than  was  the  case  when  the  bulls  were  kept  In  box  stalls  without 
exercise.  With  exercise  some  motion  of  the  spermatoxoa  was  notice- 
able 22  to  39  hours.  Without  exercise  motion  ceased  In  from  3  to 
Zi  hours. 

OfUclal  Testing  I 

One  hundred  and  six  breeders  did  testing  during  the  year  Novem- 
ber 1,  1921,  to  November  L,  1922. 

The  average  number  ot  herds  tested  per  month  was  CS  and  the 
average  number  of  cows,  421. 

This  is  an  average  of  six  cows  per  herd  or  the  same  as  tor  the 
previous  year. 

Avenges  by  Breed 

Ayrahlres  2  herds  per  month with  12  cows 

Guernseys  11  herds  per  month, ..with  89  cows 

Kolstelns 28  herds  per  month with  204  cows 

'    Jerseys  27  herds  per  month with  IM  cows 

Shorthorns 1  herd  per  month .with  7  cows 

The  total  number  of  tests  conducted  was  6,049.  For  the  previous 
year  4,914.  The  total  number  ol  semi-official  tests  conducted  was 
4,678,  an  Increase  ot  4  per  cent  over  the  previous  year.  The  total 
number  ot  seven  day  tests  conducted  was  394,  a  decrease  of  2  per 
cent  from  the  previous  year.  The  total  number  ot  retesta  conducted 
was  81,  an  Increase  of  6  per  cent  over  1920-21.  There  were  17  yeritl- 
catlons  and  49  check  tests. 

Three  world's  records  were  completed  during  the  year. 

Tyee  Hlake  Fayne,  No.  401969,  a  4-year-oId  Holsteln,  owned  by 
Elmer  E.  Heg  and  Sons  of  Eaat  Staawood,  broke  the  world's  milk 
record  for  alt  ages  In  the  305  day  division  by  producing  25,213.4 
pounds  of  milk  In  10  months. 

Pleterje  Mutnal  Pobes,  No.  428964,  broke  the  305  day  milk 
record  In  the  Junior  3-year-old  class.  She  is  owned  by  Thos.  J. 
Owens  of  KIrkland.    Her  record  la  21,368.3  pounds  ot  milk. 

E^na  of  ML  View,  a  Senior  4-year-old  Guernsey  cow  has  just 
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completed   a   world's  fat  r«cord   for  her  class.     Sha  produced    933 

pounds  of  fat  In  SBG  daja.     Sbe  la  owned  b7  Wallace  and  Fordyce 

of  Sunoyelde  and  Is  the  tenth  Washington  cow  to  hold  a  world's 

record. 

Needs  of  tke  Dlrlslon  of  Dalir  Hnsbandrr  i 

More  help  la  nrsentlr  needed  on  the  staff  of  the  Dairy  Division. 
At  the  present  time  only  a  very  limited  amount  of  time  on  the  part 
of  the  Head  of  the  DMslon  Is  aTallable  for  Investigational  work  and 
the  details  of  such  work  must  be  handled  by  senior  students.  This 
should  be  remedied  and  funds  provided  for  additions  to  the  utafl 

DIVISION  OF  ENTOHOLOOT 
A.  L.  Hebnder  In  Clurfe* 

San   Jose   Scale,   codling  moth,   leaf  roller,   spray   poisoning    of 
bees,    cranberry    fire    worm    and    soil    treatnients    for    subterranean 
Insects  were  the  subjects  of  the  year's  InveBttgatlonB. 
San  Jose  Scale  t 

In  continuation  of  the  spraying  experiments  In  progress  for 
twenty  years,  tests  were  made  at  Clarkston  of  the  relative  efDciency 
of  various  Insecticides  used  for  San  Jose  Scale.  Two  examinations 
of  the  effects  of  the  spraying  were  made  at  intervals  of  26  and  E2 
days  after  the  spraying.  At  the  time  of  these  examinations  a  varying ' 
percentage  of  living  scales  was  found,  the  data  being  summarized  In 
the  following  columns.  In  this  table  are  presented  the  materials 
used,  the  concentrations  employed,  the  total  number  of  Insects  ex- 
amined and  the  per  cent  found  alive.  For  the  particularly  resistant 
scales  found  at  Clarkston  no  dependence  can  be  placed  upon  sprays 
baaed  on  sulphur,  no  matter  at  what  concentration  they  are  employed. 
Some  brands  of  mlsclble  oil  are  less  effective  than  others,  due  either 
to  Insufficient  heavy  oil  or  Insufficient  emulsifying  agents  In  their 
composition.  A  complete  report  of  the  experiments  on  the  San  Jose 
Scale  Is  ready  for  the  press  and  will  appear  shortly  as  Bulletin  176. 

Sprmyfng  for  San  Jose  Scalet  19B8 

Interval  28  days  Interval  52  days 

Treatment                                        Total  %  Alive  Total  %  Alive 

Lime  Sulphur  12 1277        12.8  1133  9.2 

'  Lime  Sulphur    8 1047        10.1  328  12.2 

Lime   Sulphur     6. _ „ 1406        29.0  1160  20.9 

Lime   Sulphur     8 409        18.4  501  21.2 

Lime   Sulphur     1:^:5. 1287        21.3  989  15.0 

Lime   Sulphur     1^:^:5 1183        27.8  567  18.0 

Dry  Lime  Sul.  30:50 1019        20.8  1197  17.2 
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8prs;lngr  for  But  Jom  Scale,  IHS— (Contlnaed) 


Treatment 

Interval 
Total   ?S 

26  days 
Alive 

19.1 
19.5 
20.0 
20.5 
8.4 
0.0 
0.0 
0.0 
0.0 
14.4 
19.B 
14.2 
62.2 
88.7 

Intern 
Total 
1130 
1844 
G93 
9«S. 
GS8 
3S4 

1121 

1878 
122S 
980 
888 
2223 

I  62  dars 
%AUTe 

Barium  Sul.  30:BO. 

Barium  Sul.  16:60 

1089 

1B2S 

23.4 
14.B 
17.2 
U.7 
1.6 

Lima  Sul.  3  caaelnate. 

L.  S.  3  Caaela  oil  E% 

Dormoll  6  

SpramolBlon  10  

1142 

772 

12S9 

1181 

Ortho  Oil  10  

1202 

21.3 

Kereaol  10  

1196 

13.7 

Check    

894 

E7.4 

CodUDg  Motlii 

The  main  purpose  of  the  codling  moth  InTestlgatlon  iFor  the  year  wu 
to  determine  the  value  ot  spreaders.  The  usual  treatment  of  tour 
sprayings  was  given  a  commercial  orchard  near  Spokane.  The  material 
used,  the  number  of  apples  examined,  the  amount  of  wormlness  and 
the  coeftlcleut  ol  elHciency  are  given  In  the  following  table  for  the 
Winesap  part  of  the  orchard.  The  last  column  refers  to  the  quotient 
found  b7  dividing  the  total  number  of  worms  hj  the  number  ol  stings. 
It  Is  presented  as  a  means  of  comparing  treatments,  In  addition  to  the 
amount  of  wormlness  tor  each  block  ot  trees.  Wlille  the  spraying  kept 
the  entire  orchard  so  free  ot  worms  that  It  Is  dlfUcnlt  to  draw  flnal 
conclusions  among  treatments,  all  of  which  are  effective.  It  will  be 
observed  that  the  omission  of  a  spreader  did  not  detract  from  tha 
I'lsectlcldal  value  of  an  application  and  that  doubling  the  neual 
strength  of  lead  arsenate  gained  nothing.  However,  the  fruit  sprayed 
with  a  spreader,  whether  casein,  soap  or  glne,  showed  less  blotching 
of  spray  and  would  require  less  wiping  to  pass  Inspection  for  poison, 
than  trult  sprayed  with  lead  arsenate  alone. 

Spnrtar  for  Codling  Motk,  I«BS 

%     Ratio  worms 
Worms       to  Stings 


Material 

Apples 
Examined 

4  -lb.  rod 

4  lb.  gun 

7855 

■• 

4  lb.  Stecho 

.6028 

4S1S 

„ 

Check    . 

814 
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Leaf  Rolleri 

Tbree  different  points  of  attack  were  tried  oa  the  orchard  leaf 
roller  bo  alarmingly  prevalent  In  the  Spokane  Valley.  Eggs  were 
sprared  with  Tarloue  oils  just  before  the  budding  of  the  trees,  larrae 
Just  hatched  were  sprayed  or  dusted  with  contact  Insecticides,  and 
tb«  foliage  was  kept  coated  with  arsenical  In  connection  with 
the  codling  moth  treatments  In  order  to  reach  older  larvae.  Of 
these  treatments  the  oil  sprays  give  by  tar  the  greatest  promise 
of  control,  although  complete  destruction  of  the  embryos  was  not 
attained  by  any  materials  used.  The  best  results  were  had  with  oils 
at  10%  strength  although  there  was  much  difference  In  the  relative 
efficiency  of  the  several  different  brands  as  Indicated  below. 

00  Treatment^  Leaf  Roller  E^^s,  1W8 
Material  %  Not  Hatching 

Ortho  Oil  ia%  „ „ „ 74. 

Spramulslon  10%  _ _ _77, 

Scaleclde  10%  At. 

DormoU  10%  - _ 92. 

Dormant  Soluble  10%  _ M. 

Various  contact  Insecticides  were  tried  against  very  young  leaf 
roller  larvae.  None  of  these  proved  at  all  efficient;  from  40%  to 
100%  of  the  larvae  afterwards  were  still  alive  and  apDorently  un- 
harmed. Among  the  materials  tested  were  dusts  of  tobacco  fortified 
with  various  admixtures  of  nicotine  extract,  Callspray  dust,  and 
liquid  sprays  containing  nicotine  sulphate  or  derrlslne. 

Arsenate  of  lead,  4  lbs.  or  S  Iba.  to  the  200  gallon  tank,  used 
alone  or  baited  with  corn  eyruD,  failed  to  check  maturing  larvae. 
There  was  a  slight  difference  in  favor  of  the  extra  strength  of  lead 
but  perhaps  not  enough  to  warrant  the  double  cost 

Details   of   the    leaf   roller   experiment   appear    in    Bulletin    172, 
recently  published. 
Son  TreabneDt'af  SnbtMruieftn  Insects  i 

Under  this  heading  a  new  project  has  been  fomnlated  and  pre- 
liminary work  was  begun  the  past  season.  At  Walla  Walla  several 
soil  tumlgants  were  placed  nnderground  In  an  old  orchard  and  a  few 
days  later  the  nearby  soil  was  carefully  sifted  for  Insects.  In  no 
case  did  the  insecticides  manifest  long-range  effects,  dead  Insects 
being  found  only  within  a  radius  of  a  foot  or  so  from  the  point  of 
administration.  Sodium  cyanide  in  powder  and  solution.  Calcium 
cyanide,  carbon  disulphld,  ground  tobacco,  nicotine  aolntlon  and 
paradlchlorbenzine  were  tried. 

Carbon-dlsulphid  fumigation  under  cover  was  tried  on  the  large 
vine  weevil,  "Otlorrhynchus  eulcatus"  In  cranberry  bogs  at  Ilwaco 
and  on  Its  smaller  relative,  "O.  ovatua,"  In  strawberry  fields  at 
Marysvllle.  Sven  where  as  much  as  2  os.  was  used  to  every  tour 
feet  only  negative  results  were  obtained. 
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Cranberrj  Fireirormt 

In  co-operation  wltb  the  Extension  Service  and  Pacific  County, 
Intormatlou  was  secured  regarding  possible  means  o(  control  of  th« 
cranberry  Ureworm.  Experiments  conducted  at  tbe  Cranberry  Lsb< 
oratory,  Ilwaco,  gave  uncertain  results  from  fumigation  with  cyanide- 
gas.  The  cranberry  plants  held  tlie  cloth  cover  away  from  the 
ground,  thus  permitting  dispersion  of  the  gas.  Spraying  eggs  with  a 
mlscible  oil  gives  promise  of  almost  complete  extermination  with  no 
serious  harm  to  the  plants.  Unfortunately  It  was  impossible  to  apply 
this  treatment  sufficiently  early  in  the  season  to  obtain  full  Informa- 
tion regarding  safety  and  control.  Spring  growth  was  well  along 
when  the  oil  spraying  was  given  so  that  blossom  buds  were  largely 
destroyed.  The  plants,  however,  clearly  showed  the  stimulating 
etfectB  of  the  oil  and  because  of  freedom  from  tlreworm  made  con- 
spicuously better  growth  than  on  any  of  the  other  experimental 
plots.  .  The  next  season  these  plants  should  outstrip  the  others  In 
berry  production. 
Spray  FoIbooIdk  of  Beest 

To  find  some  material  repellant  to  bees  that  could  be  added  to 
arsenical  sprays,  experiments  were  conducted  on  frnlt  trees  In  bloa- 
Bom  and  later  In  an  orchard  having  cover  crop  of  blossoming  alfalfa. 
Dormant  Soluble  oil,  Mtlfecl,  Creosol,  Nicotine  sulphate,  butyric  acid 
and  crude  pyroligneoua  acid  were  tried  In  the  first  test,  enumerated 
in  the  order  of  effectiveness.  Even  water  deterred  the  bees  from 
frequenting  the  blossoms,  acting  as  a,  positive  repellent  for  a  short 
time.  Bees  ceased  frequenting  the  alfalfa  cover  crop  Immediately 
alter  nicotine  sulphate  was  added  to  the  arsenical  applied  to  the 
orchard. 
Some  V«edB  of  the  Division  t 

Fruit  growers  and  farmers  have  been  asking  for  Investigational 
work  on  Insect  and  other  pests  far  In  excess  of  possible  accomplish- 
ment without  additions  to  the  staff.  To  meet  these  demands  In  so  far 
as  possible,  there  should  be  at  least  one  additional  entomologist  that 
could  devote  his  entire  time  to  these  problems. 

The  more  pressing  demands  which  should  be  considered  include 
studies  on  red  spiders  of  orchards  and  smaller  fruits,  root  maggots 
of  vegetables,  oysterabell  and  cottony  scales,  wlreworms  of  gardens 
and  grain,  woolly  aphtd  of  the  apple,  cutworms  and  armyworms, 
cherry  fruit  worms,  prune  borers,  stem  maggot  of  wheat,  and  destruc- 
tive rodents,  on  none  of  which  is  any  experimental  work  now  being 
conducted.  Increased  time  should  be  available  to  permit  a  thoro 
i:iveBtlgatlon  of  the  destructive  orchard  leaf-roller,  the  strawbenr 
root  weevil,  the  insects  of  the  cranberry  bogs,  and  the  newer  aspects 
of  control  of  codling  moth,  San  Joso  scale  and  aphids.  The  rapid 
spread  of  the  introduced  European  earwig  and  satin  moth  and  the 
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eaetem  squanh  bng,  potato  beetle  and  Heeaian  fly  are  la  need  of 
attention.  Information  1b  greatly  needed  regarding  tbe  use  and  posBlble 
Injurious  effects  of  oil  sprays  and  at  summer  sprays,  tbe  application 
of  aprwders  in  both  dormant  and  summer  use,  subBtltutes  lor  expen- 
sive nicotine,  the  incorporation  of  baits  or  lures  with  sprays,  the 
most  efficient  strengths  of  arsenical  and  other  sprays,  the  deleterious 
effects  of  oyer -spraying,  and  the  application  of  soil  insecticides. 

More  library  funds  are  also  urgently  needed  in  order  to  enable 
the  securing  of  sets  of  eeaentlal  periodicals  aa  well  aa  standard 
reference  works.  With  wide-spread  Interest  in  honey  production 
and  constant  reaueste  of  bee-keepers  for  Bssistance  the  time  has 
arrived  when  an  apiary  should  be  established  to  serve  Jointly  the 
Fixperlment  Station,  the  college  and  the  Dlrision  of  Apiculture. 


DIVISION  OF  FABH  CBOPS 
E.  d.  Sclufer  In  CJuatgti. 
Tarletal  aod  Cnltaral  Eperlmentat 

Tbe  number  of  rarletlee  of  cereal  crops  being  tested  has  been 
reduced  and  the  Investigation  a  on  date  of  seeding  have  beeu  extended. 
Thla  work  formerly  done  in  the  field  only  la  now  also  being  done  In 
tbe  cereal  nursery.  Six  rates  of  seeding  spaced  at  six  and  twelve 
Inch  intervals  are  planted  on  the  first  and  16th  of  August,  September, 
October  and  November. 

The  following  are  some  of  the  reaulta  noted  in  connection  with 
the  investigations  of  this  project:  The  average  yield  of  Turkey  waa 
two  buBhela  more  than  Kanred  In  20  trials  extending  over  a  period 
ol  four  years.  Victory  oats,  WaaUngton  Number  1187,  In  a  five  year 
average  (1916  to  1921)  produced  66.7  bnahels  or  1.1  buataels  less  than 
Banner,  the  leading  variety  at  the  Experiment  Station  at  Pullman. 
The  hybrid  Turkey  x  Florence,  Washington  Number  2324,  a  variety 
of  winter  wheat  Immune  to  amut  and  developed  In  thla  nursery 
during  the  last  six  years,  was  grown  under  field  conditions  for  the 
Qrst  time. 
Blgtribstion  of  Seed  and  Bacteria  Cnltnret 

The  grain  storage  facilities  destroyed  by  the  atorm  during  1920 
h&ve  not  been  replaced  and  the  seed  distribution  work  is  being 
handled  with  considerable  difficulty.  However,  25  tons  of  pure  seed 
were  dlatrlbuted  among  gg  farmers,  repreaeoting  20  counties  of  the 
State. 

Two  hundred  and  Hfty-ftve  small  lots  of  seed  were  aent  out  for 
educational  and  experimental  purposes.  In  co-operation  with  the 
Dlvlalon  of  Bacteriology,  bacteria  culture  sufficient  tor  the  Inoculation 
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ot  6443  acres  was  diBtrlbuted  to  936  persotiB  and  was  sent  to  every 
county  of  the  State. 

From  o*er  2000  rows  ot  Tarletles  and  hybrids  of  wheat  tested 
[or  smut  resistance,  the  following  conclusions  may  be  drawn: 
1.  Most  wheats  are  susceptible  to  smut,  often  producing  less  than  10 
per  cent  of  normai  heads  when  planted  under  conditions  favoring 
Infection.  2.  Many  are  Intermediate,  producing  from  20  to  80  per 
cent  of  normal  heads  under  the  same  conditions.  3.  Four  varieties 
(Smutproof,  Martin  Amber,  Red  Hussar,  White  Odeesa)  are  entirely 
Immune  to  smut.  4.  Bmut  rMlstance  Is  heritable  but  Induced  by 
mnltlple  factors  in  croases  of  Marquis  x  Turkey,  Triplet  s  Turkey, 
Hybrid  123  x  Turkey,  Fortyfold  z  Turkey,  and  Turkey  z  Florence. 

Wheat  smut  was  found  attacking  rye  and  rye-wheat  hybrids. 
Comparative  sterility  is  being  studied  In  Interspecies  crosses  ot  wheat 
and  oats. 

An  analysle  of  hybrids   between  Turkey   and   Jenkln   wheat  In 
the  eecond  generation  Indicates  that  the  horny  endosperm  of  Turkey 
is  transmitted  as  a  unit  character,  the  segregation  taking  place  la 
the  beads  ol  the  Fl  plants. 
Forage  InreBti^tlons ! 

Tbe  forage  nursery  Includes  detections  and  varieties  of  alfalfa. 
Glover,  peas,  beaus  and  grassee  tor  determining  yields  and  compara- 
tive values. 

Observations  Indicate  that  all  the  strains  ol  alfalfa  In  the  test 
plots  have  survived  the  past  two  winters,  and  that  the  second  cutting 
of  alfalfa  can  not  be  depended  upon  to  furnish  hay  or  seed.  Hnbam, 
annual  sweet  clover  In  the  vicinity  of  Pullman,  apparently  does  not 
produce  aa  much  forage  as  the  first  year's  growth  ot  the  biennial 
sweet  clovers. 

In  two  years,  results  in  growing  sunflowers  at  different  distances 
apart,  the  rows  three  and  one-halt  feet  apart  gave  greater  yields 
ot  both  silage  and  seed  than  cloeer  rows,  while  there  was  practically 
no  difference  In  yield  when  plants  were  spaced  one,  one  and  one-half 
and  two  feet  apart  In  the  row. 

The  silage  experiments  conducted  for  the  last  three  seasons 
demonstrated  that  sunflowers  far  ontyielded  corn  In  this  section  of  the 
State. 

Biennial  sweet  clover,  tor  pasture  in  this  region  of  moderate 
rainfall  stays  green  late  In  the  fall  the  first  year  and  makes  abundant 
growth  early  in  the  spring  of  its  second  year  so  that  If  two  fields 
are  maintained,  one  seeded  each  year,  pasture  may  be  had  thruout 
almost  the  entire  growing  season. 
Crop  Botatlonsi 

Sunflowers  have  been  Introduced  Into  the  rotation  field  aa  this 
crop  gives  promise  ot  becoming  an  Important  silage  crop.  Sun- 
flowers will  take  the  place  of  vetch  which  Is  handled  with  difficulty 
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In  th«  rotation  field.     Other  ratations  In  this  experiment  are  being 
continued  according  to  the  original  plan. 
KeedB  of  the  Dlrlslon: 

The  Division  of  Farm  Crops  1b  in  need  of  seed  storage  for  the 
handling  of  eeed  grain.  Storage  room  should  be  provided  for  storing 
fairl7  large  amounts  of  several  superior  varieties  of  grain  for  distribu- 
tion and  small  amounts  of  a  considerable  number  of  Tarietles  tor 
experimental  purposes.  Equipment  should  be  Installed  for  cleaning, 
grading,  weighing,  sacking,  fumigating  and  treating  seed  of  various 
kinds.  Bquiptnent  should  also  be  provided  tor  drying  and  storing 
seed  corn. 

The  threshing  machine  and  certain  other  equipment  for  handling 
field  plots  Is  practically  worn  out  and  should  be  replaced. 

Experimental  fields  should  be  established  In  different  parts  of 
the  State  to  determine  the  adaptability  of  crops  and  vcj-ieties.  The 
main  need  for  this  work  Is  additional  funds. 

DinSIOir  OF  FABM  XA5A0EMENT 

George  Sevenuiee  In  Charge, 

Tbe  Cost  ot  Milk  Prodnetlon  and  Dairy  Form  Organlutioni 

In  the  fall  ot  1920,  records  ot  the  preceding  year's  business  were 
secured  from  91  dairy  farms  maintaining  1602  cows  which  produced 
104^8,381  pounds  ot  milk.  In  the  tall  of  1921  records  were  secured 
from  81  dairy  farms  maintaining  1469  cows  which  produced  10,341.074 
pounds  ot  milk.  This  work  was  done  In  Co-operation  with  members 
ot  Dairy  Assoclatlone  in  Whatcom,  Snohomish,  Pacific  and  Wahkiakum 
Counties.  Two  years'  records  have  been  tabulated  and  publlahed 
as  Bulletin  ITS. 

The  average  production  of  milk  per  cow  for  the  two  years  by 
counties  was  as  fotlows:  Whatcom,  7942  pounds;  Snohomish,  6864 
pounds;  Pacific,  666S  pounds,  and  Wahkiakum,  6328  pounds.  The 
average  production  of  butter  fat  per  cow  per  year  tor  the  two  years 
was:  Whatcom,  345  pounds;  Snohomish,  297  pounds;  Pacific,  251 
pounds,  and  Wahkiakum,  319  pounds. 

The  average  quantities  of  Ingredients  ted  per  cow  per  year  with 
all  counties  averaged  were  as  follows:  drain  1218  pounds,  bay  263E 
pounds,  succulents  3246  pounds,  pasture  214  days  and  man  labor  15S 
hours.  The  average  net  cost  of  production  per  cow  per  year  by 
counties  was  as  follows:  Whatcom,  1223.47;  Snohomish,  f203.19; 
Pacific,  $1G6.77;  Wahkiakum,  1170.27.  The  average  cost  ot  producing 
100  pounds  ot  milk  by  counties  was  as  follows:  Whatcom,  {2.81; 
Snohomish,  12.96;  Pacific,  $2.81;  Wlahklahum,  $2.68,  and  the  weighted 
average  ot  all  counties  was  $2.S4. 
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The  cost  of  producing  mtlK  on  Individual  tarniB  varied  from 
11.94  per  100  pounds  to  14.39  per  100  pounds  In  1919  and  from  (LSI 
per  100  pounds  to  $4.66  p«r  100  pounds  in  1920.  In  1919  a  price  of 
13.40  per  100  pounds  of  milk  would  have  covered  the  cost  ol  produc- 
ing 86%  o(  the  total  milk  produced  by  the  herds  studied.  In  1920  a 
price  of  $3.40  per  100  pounds  of  milk  would  have  covered  the  cost  ot 
producing  90%  of  the  total  mtik  produced  by  the  herds  studied. 

The  basic  requirements  of  teed  and  labor  for  producing  100 
pounds  ot  milk  as  determined  In  this  study  are  as  follows:  Oraln 
17.7  pounds,  hay  3S.2  pounds,  succulents  4T.1  pounds,  pasture  3.1 
days  and  man  labor  2,3  hours.  The  total  value  of  these  basic  require- 
ments equal  76.63%  of  the  net  cost  of  producing  milk,  feed  costing 
60.23%  and  labor  26.30%. 

The  studies  Indicate  that  the  cost  of  producing  milk  may  be 
materially  reduced  by  the  use  of  better  stock,  by  better  feeding  and 
by  better  labor  management 


The  Held  work  on  the  three  year  study  on  the  cost  of  wheat 
production  and  grain  farm  organliation  In  the  Palouse  conducted  in 
co-operation  with  the  Office  of  Farm  Management  of  the  United 
States  Department  of  Agriculture  and  the  University  of  Idaho  was 
completed  in  the  summer  ot  1923.  The  Office  of  Farm  Management 
tabulated  the  records  secured  in  the  summer  of  1921  and  issued  a 
mimeographed  report  of  the  first  two  years'  farm  records,  1919  and 
1920.  The  office  Is  now  preparing  the  three  years'  records,  1919, 
1920  and  1921  for  publication.  Usable  records  were  obtained  from 
229  representative  farms  located  near  Pullman,  Washington,  and 
Moscow,  Idabo,  about  an  equal  number  in  each  State  in  1919  and 
from  241  farms  In  1920.  Of  the  farms  studied  for  1919.  105  were 
operated  by  owners,  71  by  tenants  and  63  by  men  who  owned  some 
land  and  rented  an  additional  area.  Of  the  farms  studied  for  1920,  t07 
were  operated  by  owners,  S6  by  tenants  and  48  by  men  who  owned 
some  land  and  rented  an  additional  area.  As  far  as  possible,  records 
from  the  same  farms  were  taken  each  year  but  for  various  reasons 
a  number  of  the  records  could  not  be  taken  the  second  year,  hence  a 
number  of  new  records  were  secured. 

The  averages  of  the  size  of  farms  from  which  records  were 
secured  were  as  follows:  In  1919.  farms  operated  by  owners,  297 
acres,  tenant  farms  312  acres:  In  1930,  farms  operated  by  owners, 
331  acres,  tenant  farms  334  acres.  The  average  Investment  on  the 
farms  studied  was  as  follows:  In  1919.  I45.97S  for  farms  operated 
by  owners  and  $4596  Invested  by  tenants  on  tenant  farms;  In  1920. 
J52.192  on  farms  operated  by  owners  and  (4686  Invested  by  tenants 
on  tenant  farms.     In  1S19,  owners  operating  their  own  farms  made 
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an  aTsrage  labor  Income  ot  (1766.  la  1920  they  made  an  average 
labor  Income  of  minus  tl81G.  In  1919,  tenants  made  an  average  labor 
Income  ot  tZ*20  and  In  1920  $206.  The  labor  Income  Is  the  net  return 
left  the  operator  for  his  service  after  paying  all  expenses  including 
Interest  on  Investment,  labor  performed  by  other  members  ot  the 
family,  depreciation  and  any  decrease  In  inventory.  A  minus  labor 
Income  ot  $1815  means  that  the  operator  not  only  had  nothing  left  to 
pay  for  his  own  service  but  lacked  |1S1E  ol  paying  ezpenseB,  In- 
cluding Interest  on  Investment,  depreciation  on  buildings  and  equip- 
ment and  pay  for  the  labor  performed  by  other  members  o{  bis 
family. 

The  1919  records  represent  19,12S  acres  ot  winter  wheat  yielding 
661,420  bushels  or  an  average  of  29  bushels  per  acre  and  the  1920 
records  16,610  acres  of  winter  wheat  yielding  614,272  bushels  or  an 
average  ot  33  bushels  per  acre  and  10,9S3  acres  of  spring  wheat 
yielding  220,264  bushels  or  an  average  of  20  bushels  per  acre  In  1919 
and  17,407  acres  of  spring  wheat  yielding  426,144  bushels  or  an  aver- 
age of  24  bushels  per  acre  In  1920.  The  lollowing  table  shows  the 
average  cost  and  range  ot  cost  per  bushel  for  winter  wheat  and 
spring  wheat  In  1919  and  1920  on  owner  farms  and  on  tenant  farms. 

Crop  Owner  Farms — 1919  Tenant  Farms^lSl  9 

Average        Range  Average        Range 

Winter  Wheat  $1.63        $  .90  to  $4.00  $1.40        $  .70  to  $3.30 

Spring  Wheat  1.S3  1.10  to   4.00  1.54  .SO  to   3.00 

All   Wheat  1.69  .90  to  4.00  1.44  .70  to   3.30 

Crop  Owner  Farms — 1920  Tenant  Farms — 1920 

Average        Range  Average        Range 

Winter  Wheat  $1.44        $  ,90  to  $3.90  $1.20        S  .80  to  $3.00 

Spring  Wheat  1.70  1.00  to   3.90  1.62  1.10  to    4.10 

All  Wheat   1.56  .90  to   3.40  1.40  .80  to   3.B0 

It  will  be  seen  that  the  tenants  produced  wheat  at  a  lower  cost 
than  did  the  owners.  This  difference  Is  due  principally  to  the  tact 
that  the  cost  of  production  was  charged  with  6%  Interest  on  the  value 
of  the  owner's  capital  In  the  case  of  farms  operated  by  owners, 
whereas,  the  cost  ot  production  on  tenant  farms  was  charged  with  the 
portion  of  the  crop  delivered  for  rent  wblcb  amounted  to  considerably 
less  than  6%  on  the  landlord's  investment. 

The  following  table  shows  a  comparison  between  the  cost  of 
producing  wheat  after  fallow,  after  peas  and  after  other  crops. 

Winter  Wheat  after: 

Fallow  Peas  Other  Crops 

1919     1920  1919     1920               1919     1920 

Number  of  farms  69        71  10          7               15        15 

Yield   per  acre    <bu)    ....    32.0     36.6  33.6     38.1             21.0     21.8 

Total   coat  per  bushel....  S1.7B   $1.50  $1.18   $1.09  $1.65  $1.69 

Operating  exp.  per  bu 1.14       .94  .85       .81             1.19     1.28 
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BASIC  ACRE  REQUIREMENTS 

Direct  man  labor,  hre.  8.0  7.S  6.4  6.8  6.0  6.5 

Horse  labor,  hours  33.7  33.1  22.4  17.8  22.9  2S.0 

Seed,  buBhelo  1.4  1.6  1.4  1.5  1.8  1.4 

Twine,    pounds    2.9  3.0  3.6  3.2  2.1  i.1 

Per  cent  all  direct  labor  1b 

of  operating  expeUBe  32.8  27. S  29.8  23.9  37.1  31.fi 

Total    Coat   21.3  17.4  21.4  13.4  26.8  2S.9 

Tbe  operating  ezpenaea  per  bushel  plus  Interest  on  the  capital 
iUTested  will  equal  the  total  cost  per  bushel. 

Thla  DlTlslon  co-operated  with  the  Oltlce  of  Farm  Uanftgement 
or  the  U.  S,  Department  of  Agrlcnltnre  In  secnrlng  farm  management 
survey  records  from  over  260  logged  oK  upland  tarms  In  western 
Washington  during  August,  September  and  October,  1921.  Ttie  data 
are  being  prepared  tor  publication  by  the  OfBce  of  Farm  Manage- 
ment. 

A  two-year  study  of  the  cost  of  milk  production  In  Spokane  and 
Stevens  Counties  was  begun  In  April,  1922.  This  work  Is  being  done 
In  co-operation  with  the  Chambers  of  Commerce  of  Cheney  and 
Spokane,  who  contributed  (300  toward  the  cost  of  the  Investigation. 
This  survey  Is  designed  to  supplement  the  study  on  the  cost  of  milk 
production  In  western  Washington. 

This  Division  also  co-operated  with  the  Bureau  of  Plant  Indus- 
try in  beginning  a  study  of  the  relative  prottta  from  the  leading 
crops  grown  In  general  farming  under  irrigation  in  the  TaUma 
Valley.  If  funds  permit  it  is  expected  to  continue  this  survey  tor 
three  years  or  more. 
Needs  of  Uie  DIvlaloBt 

The  cost  of  production  and  farm  organisation  studies  should  be 
continued  until  reliable  data  have  been  secured  on  all  the  most 
important  types  of  farming  in  Washington.  This  Involves  the  em- 
ployment of  at  least  one  full  time  investigator  on  the  staff  of  the 
division  together  with  at  least  one  full  time  clerk.. 

DIVISION  OF  HOBTICDLTUBX 
0.  H.  Monrli  In  Chuve. 

The  Inveslgatlonal  work  In  Horticulture  was  confined  to  four 
main  projects,  namely,  Apple  Rosette,  Orchard  Cover  Crops.  Fruit 
Storage  and  Seed  Potato  Production.  The  field  work  was  done 
largely  In  the  orchards  and  on  the  farms  of  practical  growers  in 
the  irrigated  valleys  and  west  of  tbe  Cascades. 
Apple  Bosettei 

Apple  Rosette  seems  to  be  peculiar  to  the  northwest.  It  has 
not  been  found  east  of  the  irrigated  belt  on  the  east  slope  of  the 

30 


D.n.iized  by  Google 


Rocky  MountaJna  or  west  ot  Vie  Cascades.  It  Is  tonnd  oalj  In  alkali 
BOll  districts  and  In  practically  every  case  has  disappeared  within 
three  years  after  an  orchard  1b  planted  to  a  leKomlmons  cover  crop. 
The  trouble  apparently  Is  physiological  and  not  due  to  any  fungus 
organism.  The  appearance  of  the  disease  Is  marked  by  a  chloroata 
of  the  foliage  and  long  narrow  leayea  much  smaller  than  normal 
Blie.  The  twlga  produce  a  large  number  ot  leaves  In  proportion  to 
their  length  and  form  distinct  rosettes  at  the  terminal.  The  disease 
ia  cumulative  and  the  twigs  that  are  excessively  sliortened  in  one 
aummer's  growth  usually  die  the  toUowlng  year.  Exceptions  are 
ftinnd,  however,  In  which  the  twig  renews  normal  vigor  and  assumes 
normal  character  ot  growth.  When  affected  twigs  have  been  grafted 
as  scions  onto  normal  wood,  a  large  per  cent  have  died.  Those 
which  have  lived  have  assumed  normal  growth  and  vigor.  All  efforts 
to  reproduce  the  disease  by  Inoculation  have  failed  as  have  all  efforts 
to  produce  the  disease  in  [Kit  grown  trees. 

Chemical  analysis  of  the  affected  and  normal  materials  show 
that  the  rosetted  twigs  and  foliage  have  a  much  higher  ash  and 
nitrogen  content  than  the  normal  twigs.  The  practice  of  growing 
leguminous  cover  crops  In  orchards  generally  seems  to  be  a  satis- 
factory remedy. 

Orchard  Cover  Crops  t 

Fertiliser  plots  in  the  orchards  In  Spokane  Valley  received  nitro- 
gen phosphorus  and  potash  separately  and  in  combination.  None  ot 
the  commercial  fertilizers  used  were  of  any  particular  value  to  these 
orchards  except  wh«a  used  In  orchards  the  growth  of  which  showed 
a  distinctly  sub-normal  character  and  In  which  a  cover  crop  was 
being  established.  In  plots  In  which  the  cover  crop  had  been  estab- 
lished tor  some  years  no  effects  of  the  fertilizer  could  be  discovered. 
As  reported  last  year,  the  combination  of  leguminous  cover  crops  and 
nitrogen-bearing  fertilizers  gave  Indications  of  Improvement  in  tree 
growth  and  fruit  production. 

Hairy  or  winter  vetch,  Held  peas,  red  clover  and  alfalfa  are 
being  used  successfully  as  cover  crops  In  the  valley.  Very  gratifying 
results  have  been  obtained  with  the  use  of  vetch,  field  peas  and 
clover.  Alfalfa  gives  indications  ot  producing  splendid  results,  but 
It  Is  evident  that  a  much  longer  time  will  be  required  to  secure 
good  results  with  this  plant  than  with  the  other  crops  mentioned. 
The  best  results  with  vetch  and  field  peas  are  secured  by  planting 
theee  crops  very  early  In  the  spring  and  letting  them  grow  thru  the 

In  the  Wenatchee  District,  the  work  has  been  conducted  In  co- 
operation with  Chelan  County.  A  preliminary  report  was  made  In 
Popular  BulleUn  No.  121,  published  In  September,  1921.  The  fol- 
lowing tacts  were  established: 
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1.  Nltr<^en-bearlne  fertlllierB  are  the  011I7  commercltU  fertlllien 
that  bave  produced  Itaprovement  In  tlie  apple  tree  growth  and  In 
trutt  production. 

2.  Barn  yard  manure  when  used  as  fertiliser  produces  good 
tree  growth  and  fruit  and  Improves  the  physical  condition  of  the  solL 

3.  A  legume  cover  crop  Improves  the  fertility  and  physical  con- 
dition of  the  soil. 

4.  There  la  little  or  no  disking  and  no  cuttlsg  of  hay  required 
in  the  proper  handling  of  the  cover  crop  In  the  Irrigated  Talleys. 

6.     Irrigation  should  be  thorough  and  regular. 

In  this  section,  nitrogen-bearing  tertlllzera  are  the  only  commer- 
cial fertilisers  that  have  conatantiy  given  Improvement  In  tree  growth 
or  crop  production.  The  physical  condition  of  the  heavy  soils  eeems 
to  be  a  more  Important  matter  tor  consideration  than  a  modification 
of  the  chemical  content  of  the  soil.  The  use  of  cover  crops  results 
m  a  distinct  improvement  In  tlie  soil  of  these  orchards  and  In  many 
cases  a  corresponding  decrease  in  high  color  of  the  red  fmlt«d 
varieties  of  apples. 

A  series  ol  experimental  fertilizer  and  cover  crop  plots  have 
been  established  In  Hve  different  orchards  In  Yakima  Valley.  In 
these  a  study  was  made  late  In  the  summer  of  1921  of  the  effects 
of  commercial  fertilisers  in  the  orchards.  Improvement  in  tree 
growth  and  development  was  evident  In  every  case  where  nitrogen- 
bearing  ferUlliers  had  been  used.  No  orchards  were  found  In 
which  the  non-nitrogen  bearing  fertilisers  produced  any  noticeable 
Improvement  in  tree  growth. 

A  six  acre  apple  orchard  was  planted  on  the  Branch  Irrigation 
Station  farm  at  Prosser.    Here  tbe  relative  value  of  different  systems 
of  soil  management  in  orchard  development  la  being  tested. 
Fralt  Stora^i 

Varieties  tike  the  Jonathan,  Stayman,  Delicious,  King  David  and 
Wagener,  mature  before  they  are  well  colored.  In  a  season  like  the 
fall  of  19SZ,  when  weather  continues  warm  until  late  in  autumn, 
these  varieties  will  often  ripen  on  the  trees  before  attaining  the 
desired  color.  The  InTeBUgaUonal  work  on  fruit  storage  of  the  last 
two  seasons  Indicate  clearly  that  such  factors  as  color  of  fruit,  color 
of  seeds,  slse  of  fruit  or  ease  with  which  It  breaks  from  the  stem, 
or  a  combination  of  these  cannot  be  used  as  a  safe  guide  In  determin- 
ing when  these  varieties  should  be  picked. 
Seed  Potato  Production  t 

Work  on  seed  potato  production  has  now  been  contlnaed  through 
tbree  seasons.  The  results  secured  indicate  that  there  are  three 
common  factors  Involved  In  the  production  of  good  aeed  potatoes. 
These  are,  locality  In  which  grown,  freedom  from  disease  and  cultural 
CHre,  and  selection  of  stock  and  storage  of  seed  material. 
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A  number  ot  varieties  were  eliminated  and  only  tbe  Netted  Gem 
and  Burbank  continued.  Sixteen  Btralns  ol  Netted  Gems  and  eight 
Btralna  ot  BurbankB  were  planted  In  ten  acre  plots  and  their  yields 
compared  (or  the  season. 

This  year's  work  was  started  tor  the  purpose  ot  determining  the 
relative  Importance  of  various  lactors  in  the  production  ot  the  good 
seed  potatoes.  The  material  will  be  grown  each  year  at  the  Experi- 
ment Station  at  Pullman  and  the  Branch  Irrigation  Station  at  Frosser 
and  seed  material  exchanged.  Uatertel  Is  planted  at  dllterent  dates  at 
each  station.  Dlfterent  methods  ot  storage  will  be  used  and  an  effort 
made  to  determine  the  values  ot  different  environmental  factors  In 
the  production  ot  good  seed  potatoes. 

ire«4fl  of  the  DlvIaloB  t 

Because  of  the  large  acreage  devoted  to  fruit  and  the  heavy 
Investment  In  trult  production,  It  Is  extremely  Important  that  oppor- 
tunity In  time  and  funds  be  gives  tor  Investigating  the  many  problems 
that  confront  the  fruit  grower  today  and  are  likely  to  be  encountered 
In  the  future. 

The  heavy  loss  sustained  each  year  as  a  result  ot  winter  Injury 
to  the  root  system  ot  trees  Is  cause  for  alarm.  Exhaustive  Investiga- 
tion should  be  made  ot  the  possibilities  ot  obtaining  a  more  hardy 
stock  and  ot  developing  methods  ot  orchard  management  that  will 
reduce  such  loss  to  a  minimum. 

Investigations  should  be  made  to  determine  the  methods  of 
pruning  and  orchard  management  that  will  contribute  most  to  regu- 
larity ot  crop  production  and  Improvement  In  grade  and  slse  ot 
fruit.  The  small  apple  Is  a  serious  handicap  to  the  truit  growers 
and  It  doe«  not  seem  probable  that  the  regularity  of  crop  production 
and  the  size  of  the  fruit  can  be  controlled  entirely  hy  systems  ot 
pruning  and  soil  management  commonly  practiced. 

Investigational  work  to  assist  the  peach  growers  In  carrying 
their  trees  through  the  winter  and  late  spring  In  auch  condition  as 
to  avoid  as  tar  as  possible  the  danger  of  late  spring  frosts  should 
be  continued. 

Orape  growing  Is  a  developing  Industry  In  the  State.  Studies 
ot  varieties,  methods  ot  propagation,  tillage  methods  and  systems  ot 
pruning  and  training,  are  all  of  importance  and  should  be  given  at- 
tention by  the  Experiment  Station. 

Interest  In  nut  growing  Is  Increasing.  The  adaptability  of  varie- 
ties, the  degree  to  which  they  are  selt-sterlle  or  self-tertlle,  the  adapt- 
ability ot  the  district  and  systems  of  orchard  management  should 
be  determined.  This,  however.  Is  an  expensive  operation  tor  the 
Individual  and  should  be  done  by  the  Experiment  Station. 

Vegetable  seed  production  In  the  United  States  has  become  a 
matter  ot  very  considerable  Importance  since  the  World  War.     The 


D.n.iized  by  Google 


climate  and  soil  of  Washington  have  glTen  promlBe  ot  cacditloaB 
faTorabIa  to  the  development  ot  that  Indnstry.  Careful  InTeBtlgaUon 
of  methods  and  practices  Involved  are  needed. 

Methods  of  management  of  cranberry  bogs  la  ot  vital  Importance 
to  those  engaged  In  this  industry.  The  cranberries  in  the  northwest 
are  produced  under  methods  entirely  different  from  those  In  the 
older  cranberry  sections.  Jnst  what  methods  sbould  be  followed  is 
still  an  open  question  to  be  .decided  only  through  careful  investigations. 

There  should  be  at  least  one  additional  member  of  the  staff  who 
could  devote  all  hla  time  to  the  Investigational  and  experimental 
work.  Aa  this  work  must  be  done  largely  In  the  orchards  ot  practical 
growers,  this  man  must  have  a  sufficient  expense  fund  and  be  free 
to  visit  different  sections  of  the  State  at  any  time  when  the  experi- 
mental work  makes  this  desirable  or  necessary.  In  addition,  there 
should  be  at  least  one  pathologist  and  one  entomologist  co-operatlog 
with  the  horticulturist  and  devoting  all  of  their  time  to  Investiga- 
tions of  insect  pests  and  diseases  affecting  fruits. 


DIT18I0ir  OF  PLAJfT  F1THOL06T 
F.  D.  Heald  In  Chu-^ 
Wheat  Smut: 

The  following  experiments  have  been  completed: 

1.  A  study  ot  the  effect  of  certaJn  seed  and  soil  treatments  or 
cultural  practices  tn  ordinary  summer  fallow. 

2.  Effect  of  seed  and  soil  treatments  In  artificially  smutted 
summer  fallow. 

3.  The  relation  of  copper  carbonate  dust  treatment  to  germination 
of  wheat 

4.  The  effectiveness  of  the  Corona  compound  of  copper  car- 
bonate. 

5.  The  effectlveuess  of  pure  copper  carbonate  and  the  determin- 
ation ot  the  minimum   dose. 

6.  The  possibilities  of  anhydrous  copper  sulphate  as  a  substitute 
tor  copper  carbonate  dust. 

7.  The  effectiveness  of  hypoform. 

8.  The  effectiveness  of  aeed-o-san. 

The  majority  of  these  experiments  have  formed  the  basis  of  Gi- 
perlment  Station  Bulletin  171  recently  published  and  consequently 
only  a  brief  summary  will  be  presented. 
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1.  The  treatment  of  wheat  with  2  oz.  of  copper  carbonate  per 
bushel  causes  do  reduction  In  Kermlnatlon.  but  rather  an  improved 
germination  over  untreated  grain.  ThlB  has  held  true  for  treated 
seed  through  a  pek-lod  of  eight  montha  (oUowlng  treatment.  Copper 
carbonate-treated  seed  showe  a  more  rapid  germination,  a  more 
vigorous  growth,  and  a  greater  freedom  from  winter  Injury  than 
untreated  seed.  It  has  given  a  stand  when  bluestone  and  formalde- 
hyde treatments  have  failed. 

2.  Copper  carbonate  dust  has  proved  very  eHlclent  In  the  pre- 
vention of  smut  from  seed-borne  spores.  One-half  ounce  of  copper 
carbonate  per  bushel  gave  nearly  as  good  protection  as  two  ounces, 
but  3  OS.  gave  slightly  better  results  than  i  oz. 

The  maximum  per  cent  of  smutted  heads  In  any  of  the  treated 
samples  was  6,41  with  a  maximum  of  64.4  ner  cent  In  untreated 
samples. 

3.  The  efficiency  of  copper  carbonate  seems  to  be  due  In  part 
to  physical  properties  of  the  dust  rather  than  solely  to  the  copper 
content,  since  2  oz.  of  Corona  compound  containing  17-18  per  cent 
of  copper  has  given  as  good  protection  In  spring  seedinga  as  2  oe. 
of  dust  containing  50  per  cent  metallic  copper.  Hydrated  lime  as  a 
diluent  has  not  given  satisfactory  results. 

4.  Anhydrous  copper  sulphate  plus  equal  quantities  of  powdered 
calcium  carbonate  or  hydrated  lime  gave  the  following  results  as 
compared  with  copper  carbonate: 

Anhydrous 
Anhydrous)        (Calcium  Bluestone 

Copper  Carbonate      Bluestone)  "^  (Carbonate 

1  oz 0.0S7  per  cent  1.19  per  cent 

2  oz 0.29    per  cent  0.28  per  cent 

3  oz 0.00    per  cent 


Hydrated  Lime 


0.79  per  cent  0.66 


The  treatments  with  the  anhydrous  bluestone  were  only  slightly 
less  effective  than  with  the  pure  copper  carbonate.  With  2  oz.  or 
more  per  bushel,  hydrated  lime  was  about  aa  satisfactory  as  the 
powdered  calcium  carbonate  lor  mixing  with  the  anhydrous  blue- 
stone.  It  seems  possible  that  with  careful  attention  to  the  physical 
properties  of  the  dusts  used,  anhydrous  bluestone  may  prove  to  be 
an  efficient  aubstltute  lor  the  mare  expensive  copper  carbonate. 

6.  Copper  carbonate  has  given  better  protection  agalnat  smut 
from  soil  contamination  than  formaldehyde,  and  la  equal  to  or  better 
than  bluestone  treatments.  Convincing  quantitative  data  on  Increase 
of  yields  by  use  of  copper  carbonate  are  lacking,  but  farm  reports 
claim  an  increase. 
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6.  Hypoform  at  a  Btreogtb  of  1  pound  to  5  salloaB  of  water 
which  gave  a  smut-free  crop  last  aeason,  afforded  but  little  protection 
this  year  In  eprfng  plantlnKB.  Seed-o-aan,  an  organic  mercury  com- 
pound used  as  a  dust  (2  oz.  per  bushel),  gave  nearly  as  good  protec- 
tion ae  an  equal  quantity  of  copper  carbonate. 

Foot  Bot  Of  Wlieatt 

InTestlgatlone  of  thle  disease  were  conducted  In  co-operation  with 
the  OfHce  of  Cereal  iDVBBtlgatlons  of  the  U.  8.  Department  of  Agri- 
culture. 

Field  experiments  were  carried  out  on  the  Arthur  D.  Jonea  ranch 
In  the  Spokane  Valley  to  determine  the  relation  between  date  of  seeding 
and  foot-rot;  the  comparative  resistance  of  varieties,  the  effect  of 
various  fertilizers  on  the  amount  of  foot-rot;  the  source  of  the  Infesta- 
tion; and  the  relation  of  the  physical  condition  of  the  soil  to  the 
severity  of  the  disease.  The  variety  tests  were  in  co-operation  with 
tbe  Farm  Crops  Division  of  the  College  and  the  fertilizer  tests  in  co- 
operation with  the  Department  ot  Soils. 

The  season  was  one  marked  by  very  slight  rainfall  and  high 
temperatures  and  the  foot-rot  which  had  been  so  severe  in  the  previous 
season  failed  to  develop,  It  was  to  be  found  in  only  alight  traces  In 
any  fields,  consequently,  the  experiments  yielded  no  data  on  foot-rot. 

In  the  periodic  seedings  the  highest  yield  of  Forty  Fold  was  ob- 
tained from  the  planting  ot  September  12.  Many  of  the  varieties 
tested  were  killed  by  the  severe  winter  conditions.  Ot  the  varieties 
which  did  over  winter  the  three  highest  ylelders  were  Hybrid  128. 
Kanred  and  Kharkov,  ranking  in  the  order  named.  No  conclusions 
could  be  drawn  from  the  fertilizer  tests. 

Laboratory  and  greenhouse  studies  were  made  of  the  fungus 
which  had  been  repeatedly  isolated  from  wheat  plants  affected  with 
toot-rot.  In  all  cultures  the  fungus  remained  sterile,  and  no  fruiting 
stage  was  found  upon  the  old  stubble  brought  from  Infested  fields. 
Wheat  was  grown  at  Pullman  in  soil  brought  from  the  Spokane  Valley 
and  Inoculations  made  with  pure  cultures  ot  the  organism  failed  to 
TP.produce  the  disease.  The  Identity  and  pathogenicity  ot  the  associated 
organism  therefore  remains  in  doubt. 

Oat  Smnti 

Tests  were  made  of  the  value  ot  copper  carbonate  dust  in  the 
prevention  ot  kernel  or  covered  smut  (Ustllago  levls).  The  varieties 
were  selected:  Chinese  Hullers,  very  susceptible;  Swedish  Select, 
moderately  susceptible;  and  Abundance,  more  resistant.  Bach  variety 
was  artificially  smutted,  using  three  different  degrees  ot  smutting, 
light,  medium  and  heavy.  Two,  three  and  tour  ounces  of  copper  car- 
bonate dust  per  bushel  were  tested  with  the  following  results: 
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Arerage  per  cent 

Smatted  heads  lor  3  degrees  of  Bmuttlng 

VARIETTY           Check  of  untreated         2  oz.           3  oz.  4  oi. 
Seed 

Chinese  Hullere  70.45                         0                  0  1.0 

Swedish   Select  38.18                      2.9               2.8  2.3 

Abundance  18.79                      6.14             3.55  3.8 

The  results  show  that  the  copper  carbonate  la  not  so  eflectlve  as 
similar  treatments  tor  bunt,  but  they  JusUfr  turther  experiments. 
Cranberry  lBTe§tlgntf osa  i 

In  co-operation  with  the  Extension  Service  of  the  College  and 
with  Pacific  County,  a  laboratory  was  established  at  Ilwaco  for  the 
stud;  of  cranberry  problems,  with  special  emphasis  on  fungous  dis- 
eases. It  was  neceaeary,  however,  to  give  attention  to  all  phases  of 
cranberry  culture.  Field  experiments  were  started  for  the  control  of 
both  insect  pests  and  fungous  diseases,  and  a  laboratory  study  Is 
being  made  of  the  fungi  causing  loss  In  storage.  Mr.  D.  J.  Crowley 
was  located  at  the  Cranberry  laboratory  during  the  summer  and  is 
continuing  the  work  on  the  storage  rots.  The  results  of  the  work 
win  not  be  available  for  several  months  but  enough  has  been  done 
to  show  that  the  fungous  diseases  are  much  more  serious  than  was 
anticipated.  Two  of  the  most  serious  rots  bsve  developed  In  abundance 
In  the  storage  work,  even  though  the  season  was  excessively  dry, 
with  practically  no  rain  until  after  the  berries  were  picked.  The 
work  has  also  shown  that  the  fire-worm,  the  most  serious  Insect 
pest.  Is  not  being  controlled  by  the  nicotine  spray  that  had  been 
recommended,  and  that  very  slight  Injury  to  berries  by  this  pest  Is 
responsible  for  much  of  the  rot  In  storage  by  offering  an  easier 
avenue  of  entrance  tor  the  rot-producing  fungt.  The  seriousness  of 
the  problems  which  face  the  cranberry  growers  demands  continuation 
of  these  Investigations. 
Ehlzoctonla  Diseases! 

The  Rhlzoctonla  disease  of  potatoes  was  studied  along  three 
lines:  Seed  treatment,  cultural  practices  as  control  measures,  and 
studies  to  determine  the  importance  of  this  disease  In  the  crop. 

Infected  seed  was  treated  with  copper  carbonate  at  the  rate  of 
four  and  ten  grams  per  busbel,  the  amounts  that  would  adhere  to  dry 
and  wet  or  freshly  cut  tubers  respectively.  4.6  per  cent  of  clean 
tubers  were  produced  In  the  check  plot  and  23.4,  6.8  and  2.5  per  cent 
in  the  three  treated  plots  showing  that  the  results  were  rather  erratic. 
It  Is  felt,  however,  that  this  teat  Is  worth  repeating. 

Periodic  plantinga  of  clean  and  Infected,  treated  and  untreated 
seed  stock  were  made  at  Intervals  of  two  weeks  from  the  time  the 
ground  could  be  first  worked  until  the  first  of  July.    This  test  was 
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duplicated  at  the  Irrigation  Brancb  Station  at  Prosaer  with  the  eame 
Bead  stock.  Hld-seaAon  plantings  (May  20)  gave  the  largest  total 
yield  and  also  the  largest  yield  6t  table  stock.  The  last  planting 
(July  1)  gave  the  largest  percentage  at  clean  tubers.  Plantings 
after  the  first  of  June  showed  a  steady  Increase  In  percentage  of 
clean  tubers  over  the  plantings  before  that  time  which  showed  little 
variation  and  a  low  percentage  of  clean  tubers  In  treated  or  untreated 
stock.  In  the  later  plantings,  seed  treatment  with  corrosire  sublimate 
Increased  the  per  cent  of  clean  tubers  over  untreated  clean  or  Infected 
seed.  Results  of  the  test  at  the  Irrigation  Branch  Experiment  Station 
are  not  yet  available. 

To  determine  the  relation  of  Rhlsoctonla  to  leaf  roll,  mottling, 
streaking  and  curling  of  foliage,  cuttings  were  taken  from  potato 
plants  and  an  attempt  made  to  root  them  in  sand.  None  of  the 
cuttings  from  badly  affected,  plants  rooted.  A  small  percentage  of 
cuttings  from  less  severely  diseased  plants  rooted  and  are  being 
grown  to  determine  the  symptoms  that  will  carry  over  Into  the  re- 
sulting plants.  To  study  this  problem  from  another  angle,  hill  selec- 
tions were  made  of  plants  showing  symptoms  of  disaasa,  some  of 
which  were  suspected  of  being  Induced  by  Rhiioctonla.  It  is  planned 
to  grow  this  stock  In  the  greenhouse  and  to  study  the  diseases 
present 

The  study  of  the  western  yellow  blight  of  tomato  was  continued. 
Previous  work  has  failed  to  prove  conclusively  that  this  disease  Is 
due  either  to  Rhisoctonia  or  Fusarlum  species.  A  test  was  made  by 
inoculating  tomato  plants  with  cultures  Isolated  trotn  diseased  tomato 
roots  of  each  ol  these  fungi  and  both  together  without  being  success- 
ful In  producing  a  larger  percentage  of  disease  in  inoculated  than  In 
check  plants.  The  behavior  of  diseased  plants  and  outcome  of 
previous  experimental  work  has  suggested  that  this  disease  Is  one  of 
the  virus  troubles.  To  test  this,  cuttings  were  taken  from  diseased 
plants  and  an  attempt  made  to  root  them  In  sand  and  a  mlxtnre  of 
soil  and  sand.  A  very  few  of  these  cuttings  have  taken  root  and 
developed  about  as  cuttings  from  normal  plants.  Ont  of  thirty-five 
dozen  cuttlnga  taken  from  fifteen  diseased  plants  only  two  dosen  and 
and  a  half  lived  two  months.  The  failure  of  these  cuttings  to  recover 
from  the  diseased  condition  apparent  on  the  plant  tends  to  strengthen 
the  theory  that  this  Is  a  virus  trouble. 

Study  has  been  continued  on  the  fungus  flora  on  the  root  system 
ol  diseased  plants.  For  comparative  purposes  an  examination  was 
made  of  plants  showing  none  of  the  disease  at  any  time  during  the 
growing  season.  Thirty-three  were  examined  out  of  a  plot  of  tor^- 
slx  plants.  One  hundred  per  cent  of  these  showed  the  mycelium 
of  Rhlzoctonla  In  abundance  and  fifty-seven  per  cent  showed  pro- 
nounced sclerotlal  development  on  the  roots.     This  shows  that  the 
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tomato  m&y  be  infected  with  tbls  fungus  uid  not  show  the  symptonu 

of  the  bllgbt 

The  Plant  Dheue  Surrey  i 

TblB  work  baa  been  continued  as  In  former  years  with  the  co- 
operation of  the  Plant  Disease  Survey  Office  of  the  U,  S.  Department 
ol  Agrlcnlture.  As  compared  with  preTtoua  Beaeona,  the  past  season 
baa  been  conspicuously  free  from  eplphytotles,  presumably  on  account 
of  the  excessive  drought.  Such  troubles  as  loot-rot  of  wheat  and 
Sclerotlnla  wilt  of  sunflowers,  which  were  severe  In  1921,  were  not 
reported  this  year.  The  rusts  of  cereals  were  either  entirely  absent 
or  very  inconspicuous.  Smut  of  wheat  (Tllletia  trltlcl)  however 
caused  a  heavier  loss  than  in  1921. 

The  aeclal  stage  of  "Pucclnia  coronlfera"  on  buckthorn,  "Rhamnua 
purshlana"  was  abundant  In  western  Washington.  It  is  worthy  of 
note  that  a  single  collection  was  made  of  the  aeclal  stage  of  stem 
rust  ("Pucclnia  gramlnis")  on  barberry  at  ML  Vernon.  The  Fuearlum 
rot  of  onions  was  again  prevalent  In  the  Waila  Wklla  section  and 
there  were  heavy  losses  in  shipments  to  eastern  marlcetB  as  a  result 
of  slimy  soft  rot  There  were  numerous  reports  of  Rhizoctonia 
Injury  to  strawberries  during  the  early  part  of  the  season.  The 
same  fungus  was  also  responsible  for  couslderable  rot  in  ripening 
tomatoes  and  the  fruiting  stage  was  common  on  fruits  In  contact 
with  the  moist  soil  during  September.  Rust  of  snapdragon  was  re- 
ported from  a  new  locality  and  the  data  reported  indicated  that  It 
was  introduced  with  the  seed. 

The  aeclal  stage  of  "Pucclnia  sarcobatl'  was  common  on  spinach 
in  the  Walla  Walla  truck  section  and  was  responsible  for  considerable 
loss  to  the  growers,  owing  to  the  rejection  of  shipments.  This  rejec- 
tion was  due  to  the  disfiguring  of  the  leaves  by  the  groups  of  cluster 
cups,  rather  than  to  any  real  Injury,  The  rust  tn  questtoa  was  found 
producing  Its  over -wintering  stage  in  great  abundance  on  salt  grass 
("Dlstichlls  splcata")  which  Is  common  along  the  roadsides  and  In 
pastures.  Spinach  rust  was  first  reported  from  Yakima  Valley  In 
1919,  but  this  w.is  Its  first  appearance  In  the  Walla  Walla  section. 
Spinach  rust  is  known  to  produce  its  seclal  stage  on  numerous  hosts 
In  other  sections,  but  search  of  the  Walla  Walla  district  failed  to  re- 
veal it  on  any  other  host. 

Dr.  C.  K.  Link  of  the  U.  3.  Department  of  Agriculture  and  Mr. 
Currey,  Seed  Inspector  of  the  State  Department  of  Agriculture, 
report  the  general  and  wide-spread  occurrence  of  potato  mosaic  in 
the  State.  Despite  this  menace  to  the  potato  industry,  there  has 
been  a  .marked  Increase  in  production  over  previous  years.  The 
relation  of  mosaic  to  the  seed  industry  and  a  more  detailed  study 
of  the  disease  under  diverse  conditions  is  a  problem  that  demands 
investigation. 
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A  fsw  dlB«uee  new  to  the  State  hare  be«n  recorded:  <1)  A  storage 
rot  ot  apple  due  to  an  uudeacrlbed  species  of  DotUchlBa;  <3>  The 
down;  mildew  (Peronospora  rlclae)  of  garden  pea;  (3)  A  dry  rot 
of  rhlaomea  of  giaaeag  caused  by  a  Ramularla. 

Svne  Ifeeds  of  the  Dlrlsion  of  Plant  Fattaolo^i 

The  needs  of  the  Division  remain  essentially  tlie  same  aa  outlined 
In  the  last  annual  repent,  but  some  need  additional  empliasls.  Work 
on  cranberry  diseases  In  Pacific  County  waa  commenced.  The  patholo- 
gist spent  six  weeks  In  the  field  on  this  work.  It  these  cranberry 
Investigations  are  to  be  continued,  tbere  must  be  a  very  material 
liicrease  In  financial  support. 

The  disease  problems  which  are  calling  for  Investigation  In  addi- 
tion to  those  listed  In  the  last  annual  report  are  as  follows: 

1.  The  rust  ot  spinach  and  the  relation  ot  the  casual  fungus  to 
salt  grass  and  other  hosts, 

2.  Qum  pockets  or  drought  spot  ot  prunes. 

3.  The  mosaic  disease  o(  the  potato. 

4.  The  relation  of  the  Fusarlum  rot  of  onions  to  the  eltmy  soft 
rot  which  develops  during  transportation  to  market 


DIVISION  OF  SOILS 
F.  J.  Slevera  In  Charge. 

Son  Nltrafa)  StudlCHi 

Work  was  continued  to  determine  and  control  the  factors  that 
Influence  the  effect  of  straw  applications  on  the  productivity  ot 
Palouse  soils.  Past  results  have  shown  that  when  straw  Is  plowed 
under  Just  before  seeding,  the  available  nitrogen  Is  withdrawn  from 
the  soil,  that  yields  are  reduced  and  that  an  Inferior  quality  of  product 
is  obtained.  The  past  season  an  experiment  waa  planned  to  determine 
If  straw  would  show  the  same  effect  after  summer  fallow  tillage,  with 
the  result  that  the  general  depressing  effect,  altho  not  very  pro- 
nounced was  sufficiently  In  evidence  to  be  ot  economic  significance. 
Much  of  this,  however,  should  be  attributed  to  the  extremely  dry 
season  of  1931  and  1S22,  which  made  It  difficult  to  obtain  conditions 
Eavorable  tor  organic  decomposition  In  the  soil.  Consistent  with  this 
contention,  the  greatest  redaction  In  nitrates  and  yield  was  obtained 
where  the  moisture  content  In  the  surface  soil  waa  lowest,  with 
practically  no  reduction  where  the  surface  soil  moisture  was  main- 
tained at  a  percentage  optimum  tor  nitrification.  This  emphasises 
the  value  ot  effective  summer  fallow.  Further  indications  from 
field  and  laboratory  experiments  are  that  the  effect  ot  atraw  Is  not 
as  easily  overcome  when  it  Is  applied  to  the  poorer  soils.  Since  sum- 
mer fallowing  is  primarily  practiced  to  promote  the  decomposition 
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of  soil  organic  matter,  the  dlfflculty  ezperteaced  In  returnlag  straw 
will  become  more  pronounced  trom  year  to  year  as  soli  organic 
matter  becomes  more  deiileted. 

Supplementary  results  were  obtained  tbls  season  on  the  develop- 
ment of  the  wheat  plant  as  Influenced  by  soil  nitrate  content  and 
rate  ol  seeding.  Hybrid  12S  wheat  was  sown  on  soils  with  a  low, 
a  medium  and  a  high  nitrate  content  at  rates  of  30,  80,  120  and  240 
pounds  per  acre. 

The  reeults  showed  that  the  number  of  heads  per  gtTen  area 
Increased  sllKhtly  with  the  rate  of  seeding,  but  not  In  proportion  to 
the  amount  of  seed  sown.  The  size  of  both  the  heads  and  straw 
decreased  as  the  seeding  rate  increased.  Tillering  was  most  pro- 
nounced under  the  30  pound  seeding  rate.  Where  240  pounds  of 
seed  were  sown,  only  about  60  per  cent  of  the  plants  produced  heads. 
The  extreme  Tarlatlons  In  the  rate  ol  seeding  had  rery  little  eflect  on 
yield  during  this  season.  Soil  nitrates,  however,  showed  the  same 
effect  on  yield  as  was  reported  prerlously,  namely,  that  the  yields 
of  wheat  vary  almost  In  direct  proportion  to  the  nitrate  content  under 
field  conditions  In  the  Palouse  region  of  Eastern  Washington. 

Soil  Fertility  Problems  In  Western  Washli^toni 

Work  was  continued  on  Western  Washington  soils  and  the  re- 
sults from  Investigations  confirm  and  supplement  former  conclusions 
concerning  the  fertility  and  management  of  various  soils  types. 

The  muck  and  peat  soils  are  all  deficient  in  both  potassium  and 
phosphorus,  but  this  detlcjency  from  the  standpoint  of  availability 
is  most  pronounced  on  those  soils  where  the  organic  matter  Is  least 
decomposed.  Practically  all  of  these  solla  show  a  direct  benefit 
from  an  application  of  a  potash  fertilizer  used  singly,  while  phos- 
phate fertilizers  will  Increase  crop  yields  only  when  used  In  connec- 
tion with  a  potash  fertilizer. 

Sanda  and  sandy  loams,  especially  those  of  the  poorer  type  found 
on  the  higher  elevations  are,  as  a  rule,  very  deficient  in  nitrogen, 
phosphorus,  potassium  and  lime,  and  those  that  were  originally 
timbered  may  be  so  limited  in  available  plant  food  even  In  their 
virgin  state  that  It  may  be  Impossible  to  obtain  a  successful  crop 
even  the  first  year  after  clearing.  These  soils  need  to  be  built  up  at 
the  beginning  with  clover,  vetch,  or  any  other  legumes  that  are  well 
adapted.  Host  legumes  will  not  grow  well  here  unless  the  soils 
are  first  treated  with  at  least  one  ton  of  lime  per  acre  supplemented 
with  about  300  pounds  ot  phosphorus  potassium   fertilizer. 

Tide  lands  vary  very  decidedly  In  their  productivity.  Those  that 
had  developed  luxuriant  vegetation  before  they  were  reclaimed  are 
well  supplied  with  available  plant  food  and  will  produce  abundantly 
without  special  treatment.  Where  such  vegetation  had  not  developed, 
the  soils  are  In  poor  physical   condition  and  also  quite  limited  In 
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organic  matter  and  nitrogen.  Since  some  of  these  soUb  did  not 
support  vegetation  evidently  because  of  the  presence  of  ezceealTe 
amounts  of  alkali  salts,  Uiar  need  to  be  laacbed  tor  a  few  years 
before  crops  can  be  grown  with  any  degree  of  success.  Under  all 
conditions  It  will  be  dlttlcnlt  to  get  any  vegetation  to  grow  on  theM 
aolls  without  the  use  of  a  nitrogen  fertiliser.  The  first  few  crops 
grown  should  be  used  as  green  manure  to  Improve  the  physical 
condition,  so  that  eventually  the  nitrogen  supply  may  be  taken  care 
of  by  developing  a  condition  suitable  for  growing  legumes  In  crop 
rotations. 

The  silt  and  clay  loams  and  the  alluvial  soils  along  the  streams 
are  generally  deficient  In  phosphorus  and  lime.  Soil  acidity  and  a 
lAck  of  phosphorus  are  closely  related  on  all  these  soils.  Animal 
manure,  which  Is  frequently  available  In  large  quantities  will  produce 
excellent  returns  here.  If  manure  Is  not  available,  applications  of 
both  phosphorus  and  lime  are  necessary  tor  best  results,  especially 
where  It  Is  the  Intention  to  Introduce  a  rotation  system  including  a 
legume  that  Is  sensitive  to  soli  acidity.  On  farms  where  the  supply 
of  manure  Is  limited,  larger  acreage  may  be  treated  at  more  frequent 
Intervals  It  a  pbosphorns  fertiliser  Is  used  as  a  supplement. 

Arid  Son  InvesUgitloiut 

Chemical  determinations  for  calcium,  calcium  carbonate,  phoa- 
phoruB,  potassium,  nitrogen  and  carbon  were  made  of  a  large  number 
of  soil  samples  selected  in  Eastern  Washington  la  an  attempt  to 
determine  the  effect  of  variations  In  precipitation  on  soil  composition. 
The  annual  precipitation  varies  In  this  region  from  7.5  Inches  In  the 
Columbia  River  Valley  to  21.6  Inches  near  the  Idaho  boundary.  It 
was  found  that  these  variations  In  precipitation  had  practically  no 
effect  on  the  amount  of  calcium,  calcium  carbonate,  potassium  and 
phosphorus  present,  and  that  very  little  calcium  existed  In  the  car- 
bonate form  In  the  surface  soil,  Irrespective  of  precipitation.  There 
was  a  direct  variation  In  the  amount  of  nitrogen  and  carbon  In  thiU 
these  elements  Increased  with  the  precipitation.  In  spite  of  this 
Increase,  the  ratio  of  nitrogen  to  carbon  remained  practically  constant 
at  1  :  12  for  all  samples.  The  fact  that  this  ratio  Is  practically  the 
same  as  that  found  for  soils  In  the  humid  section  of  the  world  Indicates 
that  the  general  belief  that  the  organic  matter  In  arid  soils  has  a 
higher  nitrogen  content  than  that  found  In  soils  from  the  regions 
of  heavier  precipitation  has  little  scientific  foundation. 

Mechanical  analyses  of  the  same  soil  samples  showed  a  direct 
relationship  between  soil  texture  and  precipitation.  Soils  from  the 
regions  of  greater  precipitation,  without  exception,  showed  higher 
percentages  of  silt  but  practically  no  variation  In  the  percentages 
of  the  other  separates. 
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CarlraiBte  iBjoryt 

The  eftect  of  maeneBlum  oxide  dust  on  the  Holl,  when  deposited 
In  excBBslve  quantities  wae  etudled  from  the  atandpotnt  of  Its  Influence 
on  plant  development.  This  dust  had  been  emitted  by  a  maKnealte 
roaater  and  distributed  thru  the  air  to  become  deposited  In  the  form  of 
H  heavy  cruet  on  the  surrounding  agricultural  land.  Jt  was  found  that 
this  magneeium  oxide  was  changed  to  the  carbonate  form  soon  after  Its 
deposition;  that  where  present  In  large  amounts  It  produced  an 
alkali  condition  in  the  soil;  that  the  deposit  developed  a  crust  of 
such  physical  consistency  as  to  prevent  young  plante  from  penetrat- 
ing It,  and  that  enough  of  the  magnesium  salt  went  Into  solution  to 
produce  a  toxic  effect  euftlctently  pronounced  to  prevent  the  develop- 
ment of  common  agricultural  plants  on  soils  where  the  crust  was 
much  In  evidence.  Its  destructive  effect  was  felt  over  an  area 
described  by  a  radius  of  about  one  and  one-half  miles,  and  was  most 
pronounced  in  closest  proximity  to  the  roaster  and  on  those  soils 
lowest  in  volume  weight.  It  being  especially  evident  on  muck  and  peat 
soils. 

Pot  experiments  with  virgin  soils  from  the  region  injured  by  the 
magnesite  dust  showed  that  light  applicaUons  of  magnesium  car- 
bonate might  prove  beneficial  to  plant  development  even  tho  the 
soils  were  normally  very  productive. 

Sofls  Under  Inigadoni 

All  Irrigated  soils  in  the  arid  portion  of  Washington  are  decidedly 
deficient  in  nitrogen.  This  deficiency  may  be  readily  overcome  in 
general  farm  practice  thru  the  introduction  of  a  legume  crop  Into  the 
rotation  system.  All  of  the  comjnon  legumes  are  exceptionally  well 
adapted  to  both  soil  and  climate  but  choice  is  generally  limited  to 
alfalfa,  red  clover  and  sweet  clover  because  of  their  better  suitability 
to  the  general  system  of  farm  management  as  practiced. 

The  total  amount  of  phoaphorue  In  arid  soil  Is  comparative ly 
limited  but  shows  a  high  percentage  of  availability.  After  several 
years  of  heavy  crop  production  under  irrigated  conditions,  the  avail- 
able phosphorus  soon  becomes  depleted  to  the  extent  that  phosphorus 
fertilizers  may  be  used  to  advantage  on  some  of  the  older  irrigated 
fields. 

Continuous  clean  cultivation  o(  orchards  exhausts  the  organic 
matter  and  develops  a  hard,  compact  subsoil  immediately  below  the 
depth  of  the  plowed  layer  as  well  as  a  very  poor  physical  condition 
of  the  surface  soil.  The  compact  subsoil  Is  the  result  of  the  cumulative 
effect  from  the  pressure  of  the  plow  together  with  the  weight  of  the  fur- 
row horse  In  plowing  on  the  bottom  of  the  furrow.  This  compact  condi- 
tion interferes  with  the  penetration  of  moisture  and  the  efflclent  use  of 
irrigation  water.    This  so-called  bard  pan  does  not  develop  In  fields 
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where  crops  are  grown  and  the  benefltB  derived  from  growing  a 
legume  like  alfalla  In  an  orchard,  evidenced  by  better  fruit  and 
wood  growth,  can  In  Urge  part  be  attributed  to  the  bre&ktng  up  of  this 
subsoil.  The  growing;  of  legumes  also  benefits  the  physical  condition 
of  the  surface  from  thp  standpoint  of  water  penetration. 

Sulfur  need  on  the  soil  as  gypsum  or  as  elemental  sulfur  has 
shown  marked  increases  in  the  yield  of  alfalfa  in  the  upper  portion 
of  the  Taklma  Valley.  It  has  not  been  determined  whether  sulfur 
functions  here  directly  as  a  plant  food  or  Indirectly  as  a  stimulant 
by  making  other  plant  food  elements  more  available  to  the  crop. 
SoU  Hnrveyst 

To  aid  in  the  land  settlement  program,  this  division  co-operated 
with   the    State    Department   of   Conservation    and    Development   by 
making  soil  surveys  and  reports  covering  the  following  areas: 
12,013.6  acres  near  Pasco  In  Franklin  County 
1,020    acres  near  Soap  Lake  in  Grant  County 
1^00     acres  near  Shelton  In  Mason  County 
KIsGelUneftms  Wwkt 

Seven  hundred  sixty  samples  of  soil  sent  In  by  farmers  were 
tested  and  reported  on  for  fertility.  In  all  cases  recommendations 
were  made  concerning  the  management  of  these  soils  not  only  to 
maintain  the  fertility  but  to  Increase  their  productivity. 

Elghty-slx  samples  of  soli  were  tested  for  alkali  and  recommenda- 
tions made  concerning  the  management  of  alkali  tracts. 

Twelve   samples   of   limestone   and   marl    were    tested    for    their 
suitability  for  neutralising  acid  soil. 
Heeds  t 

Because  of  the  extreme  variations  In  climatic  and  soil  conditions, 
the  demands  for  service  from  this  division  are  numerous.  Due  to 
limited  financial  support.  It  has  been  possible  to  give  attention  only 
to  those  problems  that  could  be  handled  with  least  expense  and 
that  appeared  most  pressing.  This  State  Is  at  present  deeply  Inter- 
ested In  a  very  extensive  development  and  reclamation  program. 
Before  any  large  land  development  program  pertaining  to  the  utlllza- 
tlon  of  cut-over  land  or  the  reclamation  by  Irrigation  of  such  exten- 
sive areas  as  the  Columbia  Basin  Project  can  be  entered  Into  sanely. 
Its  agricultural  possibilities  should  be  thoroly  and  definitely  under- 
stood. A  soil  survey  furnishes  such  Information  in  a  scientific  and 
unbiased  manner  and  provision  for  such  work  should  be  made  at 
this  time.  The  cost  of  such  surveys  Is  so  meager  as  compared  to 
its  value  In  eliminating  the  financial  sacrifices  and  human  sufferings 
that  are  generally  endured  where  the  settler  himself  must  gain  all 
his  Information  by  experience,  that  economy  demands  that  such  sur- 
veys precede  any  development  or  reclamation  work. 
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DITISIOir  OF  TETEBCTABT  SCIBNCE 
J.  W.  KaUns  In  Ckai^e. 
OrehArd  Hone  Diseases  i 

Diiriag  the  rear,  tbe  faveBUgation  of  this  disease  has  been  con- 
fined almost  entirely  to  work  with  small  laboratory  animals. 

Chemical  analysis  of  samples  of  orchard  hay,  which  was  fatal 
to  horses  when  fed  both  under  ranch  conditions  and  experimentally 
at  the  station  at  Pallman,  shows  the  presence  of  approximately  .66 
grams  of  lead  arsenate  to  each  twenty  pounds  ot  hay. 

When  fed  experimentally  to  guinea  plga,  this  hay  proved  fatal 
in  from  three  to  five  weeks,  A  healthy  pig  welghlns  about  300  grams 
usually  succumbs  after  consuming  about  five  pounds  ot  the  hay. 

Wholesome  hay  poisoned  with  definite  quantities  of  lead  arsenate. 
.66  grams,  1.5  grama,  and  6  grama,  respectively,  to  each  20  pounds 
of  hay  did  not  prove  fatal  when  fed  to  guinea  pigs  as  an  exclusive 
diet  for  a  period  of  20  weeks,  during  which  time  each  pig  consumed 
about  14  pounds  ot  the  poisoned  bay.  These  experiments  seem  to 
indicate  that  altho  orchard  hay  containing  lead  arsenate  Is  capable 
of  causing  the  death  of  guinea  pigs,  this  le  not  directly  due  to  poison- 
ing by  the  lead  arsenate  present,  since  the  wholesome  hay  poisoned 
with  a  quantity  of  the  lead  arsenate  amounting  to  more  than  seven 
times  the  quantity  found  In  orchard  hay  did  not  produce  death  in 
guinea  pigs,  even  after  such  experimental  anlmala  had  consumed 
almost  three  times  the  quantity  of  hay  that  was  required  to  kill 
with  orchard  hay. 

The  addition  of  a  few  green  leaves  to  the  diet  of  guinea  pigs 
being  ted  orchard  hay  prevents  the  fatal  action  which  follows  the 
feeding  of  such  hay  exclusively.  This  might  indicate  that  the  presence 
of  lead  arsenate  in  hay  may  be  responsible  for  the  destruction  of 
certain  aubatancea  which  maintain  a  proper  nutritional  balance  in 
the  living  animal. 

Guinea  pigs  immunized  against  bacillus  botullnus  A.  and  B,  with 
the  use  of  the  reapective  antitoxins  were  not  protected  against  the 
fatal  action  of  orchard  hay.  This  would  indicate  tjiat  botulism  was 
not  a  factor  in  the  production  of  orchard  horse  disease. 

In  all  the  feeding  experiments  with  guinea  pigs  proper,  control 
animals  were  maintained  on  wholesome  hay.  It  Is  ImpoBslble  at  the 
present  ttme  to  draw  any  definite  conclusion  in  regard  to  orchard 
horse  disease,  because  the  results  obtained  with  guinea  pigs  are 
not  always  obtained  with  larger  animals.  The  experiments  with 
guinea  pigs  should  be  duplicated  with  horsea.  In  all  probability, 
orchard  horse  disease  is  due  to  lead  arsenate  spray  but  whether  thla 
Is  directly  or  Indirectly  responsible  for  the  symptoms  and  lesions 
produced  can  only  be  proven  by  further  Investigations. 

At  the  present  time,  orchard  horse  disease  Isofvery  little  import- 
ance directly  from  an  economic  standpoint,  although  It  was  a  serious 
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economic  problem  when  these  InTestlgatlons  were  commenced.  Host 
orchardlatB  bave  ceased  entirely  to  nee  their  orchard  grown  hay  as  («ed 
tor  livestock,  not  only  because  of  the  danger  of  poisoning  to  horses  but 
also  because  of  the  lact  of  tdianged  orchard  practice,  which  teaches 
that  It  1b  far  more  economical  to  use  the  alfalfa  grown  In  orchards  as 
a  means  of  fertlllEatlon.  Most  orchardlsts  are  now  of  the  opinion  that 
It  is  in  reality  an  economic  lose  to  harvest  the  orchard  grown  hay. 
Bed  Water  In  CiMlet 

Altho  this  disease  is  still  under  consideration  as  a  project  of  the 
Division  of  Veterinary  Science,  no  active  work  has  been  done  wltli 
reference  to  the  InveBtlgatlon  of  this  trouble  during  the  past  year. 
Many  Inquiries  are  received  from  owners  of  cattle  In  those  sections 
of  the  State  where  this  trouble  Is  common  and  these  are  answered 
promptly  and  such  advice  as  Is  available  at  the  present  time  with 
reference  to  the  treatment  for  the  control  of  this  condition  Is  given. 
Heeds  of  the  Division: 

It  very  much  progress  is  to  be  made  in  this  division  in  the 
Investigation  of  animal  diseases  In  the  tuture.  It  will  be  necessary 
first  ot  all  to  employ  additional  help  for  the  work.  The  time  of  the 
veterinarian  Is  so  occupied  with  numerous  duties  on  the  campns 
that  it  Is  practically  Impossible  for  him  to  devote  a  great  deal  ot 
time  to  detail  work.  It  Is,  therefore,  suggested  that  in  the  very  near 
future  an  assistant  veterinarian  be  added  to  the  statt  Adequate 
housing  facilities  should  also  be  provided  to  house  both  large  and 
small  experimental  anlmalB.  Additional  funds  should  be  made  avail- 
able tor  this  division  In  order  that  animal  diseases  of  economic 
Importance  In  the  State  could  be  given  special  attention.  Among 
these  may  be  named  contagious  abortion,  sterility  and  allied  diseases 
of  breeding  cattle,  sheep  diseases,  poultry  diseases,  and  walking  dls- 
eases  of  horses.  Attention  is  also  called  to  the  fact  that  In  many 
Instances  outbreaks  ot  disease  among  domestic  animals  appear  sud- 
denly and  unless  provision  Is  made  for  luvestlgatloa  at  the  time  of 
their  appearance  it  Is  not  possible  to  make  the  study  at  the  most 
opportune  time.  For  this  reason  It  would  be  well  to  have  a  small 
fund  set  aside  for  the  Veterinary  Division  for  emergency  use.  Then 
In  the  event  that  an  outbreak  of  disease  occurred  anywhere  In  the 
State  It  could  be  Investigated  at  once  by  the  station  veterinarian  and 
If  deemed  of  autncient  importance  could  be  given  further  study. 


ADAMS  BBANCH  EXPESIMEHT  STATION 
H.  A.  KcCaU  In  Charge. 
Crop  Exp«rliiient§  t 

Crop  experimentation  Is  continued  as  In  the  past,  except  that 
this  line  of  investigation  has  been  broadened  to  Include  a  study  tA 
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ph78loloKlcal  Cftctors,  centered  largely  on  the  wbeat  plant.  Prelimi- 
nary reenlts  have  shown  that  photoperlodlBm  (the  response  of  the 
plant  to  the  relative  amonnt  of  sunlight  during  twenty-four  hoars) 
controls  the  various  stages  of  development  in  the  wheat  plant,  and 
that  differences  iMtween  winter  and  spring  wheats  or  between 
varieties  In  either  group  are  largely  determined  by  this  f&ctor.  A 
continuation  of  thie  study  and  an  enlargement  to  include  soil  and 
other  factors  Is  being  undertaken.  All  will  be  considered  primarily 
in  their  relation  to  the'  practical  phases  of  crop  production,  upon 
which  observation  Indicates  they  have  an  important  bearing.  In  this 
consideration  wtU  be  Included  varietal  distribution  In  relation  to  soil 
type,  soli  fertility,  rainfall,  temperatures,  beginning  and  end  of 
growing  season,  and  any  other  elements  concerned  In  either  local  or 
regional  distribution  and  performance.  Drouth  resistance  will  be 
one  phase  of  the  subject  receiving  special  consideration. 

Turkey  Red  (Washington  326)  has  proven  to  be  the  winter 
wheat  variety  most  suited  to  the  dry  districts  ol  this  State.  This 
particular  strain  of  Turkey  Red,  In  addition,  is  very  resistant  to 
stinking  smut,  as  proven  by  experiments  at  the  central  station  at 
Pullman.  Experiments  at  the  Adams  Station  covering  a  five  year 
period  have  also  shown  that  In  seeding  this  variety  in  the  drier 
localitiee  seed  treatment  Is  not  necessary  in  preventing  smut  infec- 
tion. Seed  injury  from  treatment  for  smut  Is  a  very  Important 
cause  of  failure  to  secure  stands  during  unfavorable  seasons  in  dry 
districts  and  a  more  wide  use  of  this  variety  should  do  much  to 
Increase  production.  At  least  2000  acres  were  sown  to  Turkey  Red 
(Washington  326)  In  Adams  County  In  the  fall  of  1922,  this  being 
the  increase  from  seed  distributed  by  this  station. 
Son  Problems] 

Soil  problems  in  connection  with  summer  tallow  tillage  naturally 
occupy  a  prominent  place  In  the  program  of  the  station. 

Available  moletnre  and  plant  food,  chiefly  nitrate-nitrogen,  are 
the  two  soil  factors  which  most  largely  determine  crops  yields  In 
dry  farming.  Each  la  capable  ot  control  in  greater  or  less  degree 
thru  summer  fallow  tillage  operations. 

Maximum  returns  are  dependent  on  the  proper  balance  of  con- 
trolling factors  (In  this  case  moisture  and  nitrate-nitrogen)  and  this 
balance  is  not  necessarily  the  same  for  all  conditions.  Data  secured 
in  Bummer  tallow  experiments  during  1918-1921  Indicate  that  under 
drouthy  conditions,  an  abundant  supply  of  nitrate-nitrogen,  with  a 
consequent  heavy  yield  of  straw,  tends  to  reduce  yield  of  grain. 
During  a  season  ot  drouth  it  la  more  Important,  therefore,  to  center 
tillage  operations  on  saving  a  maximum  supply  of  soil  moisture, 
rather  than  on  developing  nitrates. 

These  tillage  experiments  also  show  conclusively  that  the  earliest 
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possible  spring  preparation  of  the  enrnmeT  fallow  leads  to  a  greater 
accumulation  of  nitrates  than  does  preparation  at  a  medium  spring 
date;  but  that  very  early  preparation  does  not  conserve  appreciably 
more  moisture  than  that  at  the  medium  date,  provided  tlie  latter  be 
before  volunteer  grain  and  weeds  begin  active  growth.  In  a  drouthy 
season,  when  the  soil  In  early  spring  has  absorbed  but  a  limited 
supply  of  moisture,  the  preparation  of  fallow  should,  therefore,  be 
80  timed  that  most  of  It  will  be  done  at  as  nearly  a  medium  spring 
date  as  possible.  In  more  molat  seasons,  with  large  supplies  of  soil 
moisture,  preparation  should  be  at  the  earliest  possible  date,  and 
subsequent  treatment  such  as  to  develop  an  abundant  supply  of 
nitrate-nitrogen. 

The  four  correlation  tables  given  below  are  the  basis  for  the 
above  conclusions.  Tables  1  and  S  are  made  from  data  secured 
from  14S  individual  plats  and  tables  3  and  4  are  made  from  data 
secured  from  131  plats. 

A  correlation  table  is  a  visual  presentation  of  the  relation  which 
exists  between  two  factors,  In  the  case  of  table  1,  between  the  soil 
moisture  content  at  the  beginning  of  the  growing  season  and  the 
resulting  yield  of  grain.  The  left  hand  column  of  table  1  Indicates 
the  moisture  content  of  the  different  plats  in  tons  per  acre  to  a  depth 
of  tour  feet,  arranged  In  a  regular  increasing  scale  from  top  to 
bottom.  At  the  top  of  the  table  la  likewise  given  a  similar  scale  for 
yield  of  grain.  In  the  data  considered  In  making  up  table  1,  there 
were  three  plats  with  a  moisture  content  of  361-400  tons  per  acre 
and  with  a  yield  of  from  3-i  bushels  of  grain.  There  was  one  plat 
with  a  moisture  content  of  401-460  tone  per  acre  and  a  yield  of  3-4 
bushels,  one  with  the  same  moisture  content  with  a  yield  of  G-8 
bushels,  and  so  on.  If  the  correlation  were  perfect  and  yield  were 
decided  solely  by  soil  moisture,  with  each  increase  In  moisture  con- 
tent there  should  likewise  be  an  Increase  In  yield,  and  all  Instances 
should  fall  into  a  diagonal  line  extending  directly  across  the  table 
from  the  right  upper  corner  to  the  lower  left.  In  this  case  the  corre- 
lation Is  not  perfect  and  all  cases  do  not  fall  exactly  Into  such  a 
position,  yet  It  is  seen  that  there  exists  a  strong  tendency  tor  each 
instance  to  not  vary  widely  from  such  a  position.  This  Indicates  a 
decided  correlation  between  yield  of  grain  and  soil  moisture  Content, 
and  leads  to  the  conclusion  that  soil  moisture  Is  the  most  Important 
factor  In  determining  yield  of  grain. 

The  coefficient  of  correlation  (r)  is  a  numerical  statement  of 
correlation  worked  out  by  a  mathematical  formula  which  it  Is  un- 
necessary to  discuss  here.  A  perfect  correlation  Is  indicated  by  a 
value  for  (r)  of  1.0000,  while  any  value  of  r  less  than  1.0000  indicates 
the  correlation  Is  not  perfect,  or  in  other  words,  that  other  factors 
also  have  a  part  In  determining  the  results.    A  value  of  r  greater  than 
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O.5000  l8  conafdered,  taovever,  to  Indicate  a  decided  correlation  between 
two  tactore  under  consideration.  A  value  greatly  lees  than  this  latter 
figure  Indicates  little  relation  between  the  two,  the  one  as  cause  and 
the  other  as  etfect. 

Table  1:  Correlation  of  SoU  Moisture  and  Tleld  o(  Qraln  durlne  the 

years  1918-1921. 
Moisture 
In  Tons  Yield  of  Oraln  In  Bushels  per  Acre  F 

*_..  ,,  .-  ^_g  g    jj,  jj_j2         JJ,J,         Jg_jj 


per  Acre: 

3-4 

601-GGO    .  .. 

551-800    

<Gl-700    

761-800 

P       

6 

11  i 

36          27          26          33  16            6        148 
r  =  .7806  :+  .0216 

Table  2 :    Correlation  of  Soil  Moisture  and  Tleld  of  Straw  durlnE  the 

years  1918-1921. 
Moisture 

In  Tons  Yield  of  Straw  In  Pounds  per  Acre 

per  Acre                              161-      301-      461-      601-  761-      901-        F 

300       460       SOO        760  900    1050 

361-400    3  3 

401-460    1  1 

46I-E0O    3             G  9 

fiOl-660    8          17           6  30 

661-600    t           23           11             2  40 

fiOl-660    9           10           11  S                         S6 

«Bl-700    6           13  6             1           25 

701-760    11  13 

761-800    2  2 

F        19           66           32           29  11             2         148 

r  =  0.7214  +  0.0368 

Table  3 :     Correlation  of  SoU  Nitrate-Nitrogen  and  Yield  ot  Oraln 

during  the  years  1918-1921. 
Nitrate- 

ratrogen                     Yield  ol  Grain  in  Bushels  per  Acre  F 

In  Lbs.                 3-1        5-6          7-8        9-10      11-12  13-14    16-16 
per  Acre 

16-26    1  1 

26-35    3             9                           4             3  1                         20 

36-45    2           10             1             3             5  3                         24 

46-66    IS            3            4          10  4            1          35 

66-66    3             6             17  2                         18 

«6-76    1           13             4             4  2             1           26 

76-86    4            3  7 

ti6-96    1  1 

F       6          36          27          19          29  13            2        131 

r  =  0.8847  •+  .0602 
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Table  4:     Correlation  of  Soil  Nitrate -Nitrogen  and  Yield  of   Straw 

dnrlne  Uie  year  1918-1921. 
Nitrate- 
Nitrogen  Yield  of  Straw  In  Pounds  per  Acre 

in  Lbs.                                151-  301-      451-      601-      751-      901-       F 

per  Acre;                              300  4G0       600       750        900      1050 

16-26    1  1 

26-36    3  10             5             1                                        19 

36-45    5  7             7             5             1                         25 

4IJ-E5                                 4  13             8           10             2                         35 


r  =  0.6396    +    0348 

Tbe  coefficient  of  correlation  (r)  of  the  above  four  groups  of 
data  indicate  very  clearly  the  effect  on  crop  return  of  the  two  factors 
considered.  The  high  value  of  r  In  the  correlation  of  eoll  moisture  and 
yield,  both  of  grain  and  of  straw,  la  evident.  Nitrate-nitrogen  shows 
a  decided  correlation  with  yield  of  straw,  bat  not  with  yield  of  grain. 
These  facts  point  to  the  conclusions  given. 

Note — r  (the  coefficient  of  correlation)  Is  derived  by  the  standard 
formula  as  used  by  Love  and  Leighty  In  their  blometrlcal  study  of 
cereals. 


THE  IRRIGATION  BRANCH  STATION 
R.  P.  Bwn  In  Cbu-ge. 
Irops  Grown  In  19S2: 

Every  acre  of  the  203  acres  at  the  Irrigation  Branch  Station  was 
In  crop  tn  1922.  Alfalfa  was  grown  on  T4.7  acres,  72  of  which 
produced  425  tons  of  hay.  Tbe  remaining  2.7  acres  were  used  tor  hog 
pasture.  Of  40.9  acres  of  corn.  34.9  acres  yielded  850  tons  of  silage 
aud  six  acres  produced  seven  tons  of  shelled  corn  and  forty  tons  of 
stover.  Sweet  clover  pasture  was  grown  on  23.3  acres  and  sweet 
clover  hay  and  seed  were  harvested  on  7.3  acres.  A  grass  and  clover 
mixture  tor  permanent  pasture  was  seeded  on  G.7  acres.  There  were 
eight  acres  of  wheat,  6.2  acres  of  peas,  2.3  acres  of  rye  and  vetch,  and 
one  acre  of  sunflowers. 

The  remaining  acreage  was  devoted  to  experimental  worlc  and 
was  apportioned  as  follows:  Apple  orchard,  six  acres;  mixed  orchard, 
one  acre;  border  irrigation,  six  acres;  wheat,  barley,  oats  and  peas, 
6.6  acres;  potatoes,  four  acres;  soy  beans  and  cow  peas,  1.3  acres, 
and  corn,  one  acre. 

Up  to  the  present  time  all  cultivated  crops  have  of  necessity  been 
grown  pn  land  which,  has  never  produced  alfalfa.  The  seeding  pro- 
gram of  this  year  brings   alt  the .  Qelds,  not  used  for  experimental 
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work  and  Bweet  clover  pasture.  Into  alfalfa  and  permits  the  starting 
ot  a  teatatlTe  crop  rotation  for  the  tarm  fields.  Three  fields  of  three 
year  old  alfalfa  were  fall  plowed  and  will  be  planted  to  cultivated 
crops,  chiefly  corn  and  potatoes,  In  the  spring  of  1S23.  These  .will 
be  harvested  In  the  usual  manner  and  tall  grain  seeded  sfter  they 
are  removed  from  the  fields.  Alfalfa  will  probably  follow  the  grain 
«rops  and  may  be  either  fall  or  spring  seeded,  depending  upon  the 
existing  conditions.  This  plan  will  be  generally  followed  with  all 
the  fields  until  definite  results  from  the  Crop  .Rotation  Experiment 
are  obtained,  when  tbe  rotation  system  will  be  bandied  accordingly. 

<ieneral  Inipravement  and  Equipment  Pnrchued: 

The  farm  was  fenced  on  the  east,  north  and  west  with  a  rahbit 
and  stock  fence  and  additional  corrals  and  feed-lots  were  constructed 
to  handle  the  Uveetock.  A  hollow  wall  wooden  hoop  silo  14x44.5  feet 
was  builL  A  milking  shed  of  luioclc  down  type,  suitable  for  summer 
pasture  shade  and  other  necessary  dairy  equipment  have  been  added. 
Two  more  Individual  farrowing  houses  and  some  storage  space  tor 
seeds  from  experimental  plots  have  been  constructed.  A  Pordeon 
tractor  to  be  used  principally  for  belt  power,  a  two  way  plow,  a 
grain  thresher  for  use  In  connection  with  the  experimental  work. 
a  grain  cleaner  and  various  pieces  of  scientific  equipment  were 
purchased. 

Through  the  helpful  interest  of  the  Board  of  County  Commis- 
sioners of  Benton  County  and  of  the  State  Highway  Department,  the 
County  graded  and  graveled  the  one  and  one-half  miles  of  road  from 
the  Yellowstone  Trail  to  the  Station  at  a  cost  of  approximately  18000. 
The  money  was  appropriated  for  this  purpose  from  the  county's  por- 
tion of  the  State  Highway  Fund. 
ExperlmenUI  Work  With  Fum  Crops  t 

The  work  with  farm  crops  consisted  of  field  tests  and  trials  of 
varieties  of  alfalfa,  wheat,  barley,  oats,  field  peas  and  corn.  The  time 
of  cutting  experiment  with  alfalfa,  started  In  19Z1,  was  continued. 

Alfalfa  varieties  on  one  year  old  stand  produced  three  crops  with 
total  tonnage  as  follows:  Kansas  Common,  T.$;  Dakota  Common,  7,2; 
Canadian  variegated.  6.6;  Peruvian.  6.6;  Baltic,  6.6;  Orlmm.  6.2;  and 
Turkestan,  4.2  tons  per  acre.  A  two  year  comparison  of  Dakota  Com- 
mon and  Turkestan  In  the  field  gives  an  average  yield  of  7.1  and  5.3 
tons  respectively. 

Tbe  two  year  average  results  of  "The  Time  of  Cutting  Experiment" 
places  the  "%-full  bloom"  stage  first  with  a  yield  ol  S.l  tone  per  acre. 
^  In  bloom  second  with  7.8  and  Just  before  blooming  last  with  6.7. 
The  analysis  of  a  sample  from  each  stage  of  bloom  each  cutting  this 
year,  will  be  made  to  determine  as  far  as  possible  the  value  of  the 
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The  varietlee  ol  winter  wheat  and  barley  were  grown  on  land 
which  bad  been  In  alfalla  for  two  years.  Those  ot  spring  wheat, 
barley,  oata  and  field  peas  were  grown  on  land  which  has  never  grown 
alf^ta  but  had  a  slight  application  of  manure  before  plowing.  The 
three  leading  Tarletlea  of  each  of  these  crops  with  their  respectlTe 
yield  In  bushels  per  acre  are  as  follows; 

Winter  Wheat— Hybrid  128,  40.B;  Turkey,  38.2; 

Winter  Barley — White  Winter,  54.2;  Maryland  Winter,  3S.9;  Cheva- 
lier Winter,  32.S. 

Spring  Wheat— Dlcklow.  23.6;  Bluestem,  23,2;  Early  Baart,  21.9. 

Spring  Barley— Marloat,  26.1;  Blue,  22.5;  Beldl,  22.2. 

Oats — Banner,  45.0;  Victory,  43.7;  Swedish  Select,  43.1. 

Field  Peas — Kaiser,  30.1;  Canada,  27.3;  Bluebell  and  Early 
Alaska,  25.1. 

The  varieties  ot  corn  under  Investigation  were  grown  In  the  west 
half  of  the  experimental  orchard.  The  land  had  not  grown  alfalfa  bnt 
was  given  a  slight  application  of  manure  before  plowing.  The  corn 
was  planted  May  22.  The  late  planting  gave  the  earlier  maturing 
varieties  the  advantage,  Windus  White  Dent  led  with  3G.9  bushels 
per  acre,  and  Thayer  Yellow  Dent  and  local  grown  Yellow  Dent  each 
produced  32.9  bushels.  The  yield  of  silage  was  relatively  low,  the 
highest  being  S.7  tons  per  acre  tor  Reld  Yellow  Dent  from  Iowa  grown 
seed. 

Bkizoctonla  at  Potatoes : 

Periodic  plantings  of  clean  and  infected  treated  and  untreated 
seed  stock  were  made  at  two  week  Intervals  from  April  1  to  July  15 
inclusive.  Treatment  increased  the  yield  from  both  clean  and  in- 
fected seed.  The  percentage  ot  clean  tubers  In  the  table  stock  was 
Increased  from  S0.3  to  93.0  tor  clean  seed  and  from  19.7  to  80.1  tor 
Infected  seed.  Plantings  from  May  15  to  July  1  bad  less  infection  and 
produced  a  much  greater  yield  of  salable  potatoes  than  the  earlier 


Fertlllzerg  and  Crop  BotatioiBt 

A  fertilizer  experiment  was  begun  on  new  land  with  potatoes 
as  the  crop  grown  this  year.  Two  check  plots  on  which  no  tertilixer 
was  used  produced  an  average  total  yield  ot  6.S15  tons  per  acre.  In 
order  to  show  the  relative  value  of  each  ot  the  fertilisers,  the  total 
yield  per  acre  on  each  plot  Is  given  In  percentage  ot  the  average  total 
of  the  check  plots.  The  percentages  are  as  follows:  Horse  yard 
manure  (14  tons  per  acre)  130.4%;  ammonium  sulphate  (ISO  lbs.) 
llg.S?!>:  sheep  manure  (15  tons)  116.6%;  land  plaster  {200  lbs.) 
102.8%;  alfalfa  hay,  <2  tons)  100.1%;  "Soda  Nitrogen,"  <150  lbs.) 
9a,2<i^,  and  sodium  nitrate,  (150  lbs.)  91.1%. 
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The  area  tor  permanent  crop  rotation  and  fertillEer  work  has  been 
eetabllshed.  It  contalQB  60  one-twentieth  acre  plotB  and  la  now  seeded 
to  alfalfa.    The  experiment  will  be  started  In  192G. 

pabr  Herd  and'Pwtnre  Studies: 

Seven  two-year-old  purebred  Holstein  heifers  were  porchased 
from  the  Dairy  Department  of  the  State  College  at  Pullman  as  a 
loandation  herd  for  this  station.  They  are  by  Segls  Pontlac  Acme 
and  bred  to  Flebe  Hero,  the  senior  and  lunlor  bulls  of  the  college  herd. 
A  young  bull  by  Sir  Thorndyhe  Ormsby  Plebe  has  been  purchased  to 
head  the  new  herd.  The  cows  will  be  used  tor  pasture  ezperlmenU 
and  for  marketing  some  of  the  home  grown  feed  as  butterfat  It  Is 
planned  to  develop  a  one-man  sized  herd  of  good  producers  and  to 
provide  a  practical  barn  economically  equipped. 

Hogs  and  Hof  Feeding: 

Five  pure  bred  sows  were  purchased  from  the  State  College  herd 
at  Pullman  In  1921  aod  a  breeding  herd  now  consists  of  young  sows 
bred  and  developed  on  the  station.  A  young  boar  of  similar  breeding 
■was  purchased  In  the  spring  of  1921  from  a  Taklma  Valley  breeder. 
The  fall  litters  of  this  mating  are  of  uniform  and  promising  type 
apparently  adapted  to  experimental  feeding  and  the  conversion  of 
grain  and  pasture  Into  pork. 

In  the  experimental  work,  thirty  pigs  farrowed  In  the  fall  of  1921 
were  pastured  on  alfalfa  until  December  15.  They  were  then  divided 
Into  two  lots.  Lot  I  was  fed  corn,  fishmeal  and  mltlrun.  Lot  II  like- 
wise received  corn  and  ftshmeal  but  alfalfa  hay  was  substituted  for 
the  mlllrun.  Lot  I  gained  at  the  rate  of  1.92  pounds  per  pig  dally. 
Lot  II  at  the  rate  of  1.7fl  pounds.  At  the  close  of  the  experiment, 
April  11,  the  pigs  of  Lot  I  averaged  183.6  pounds  and  were  practically 
fat  enough  for  market  The  pigs  In  Lot  II  averaged  172  pounds  and 
were  In  excellent  condition  for  fattening.  Lot  1  received  316  pounds 
of  corn  and  tisluneal  and  100  pounds  of  mlllrun  for  every  100  pounds 
of  gain.  Lot  II  received  350  pounds  of  corn  and  fishmeal  and  87 
pounds  of  alfalfa  for  every  100  pounds  of  gain. 

TMrty-flve  1922  spring  farrowed  piga  were  pastured  on  alfalfa 
and  fed  a  two  per  cent  ration  of  corn  and  fishmeal.    These  are  now 
being  fattened  on  home  grown  corn.    Fifty-five  fall  farrowed  pigs  will 
be  used  to  follow  steers  in  the  winter  feed  lots. 
Lamb  Feeding: 

The  1076  lambs  purchased  In  the  fall  of  1921  were  fed  on  the 
station  until  March  2S.  During  this  time  they  pastured  off  70  acres 
of  the  fourth  crop  of  alfalfa  and  consumed  ISl  tone  of  hay  and  08 
tons  of  corn  silage.  Seven  hundred  lambs  were  divided  into  fourteen 
lots  and  ted  for  60  days  to  make  the  following  comparisons  of  rations 
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lor  lattenlng  lambs:  First,  second  and  third  cutting  of  aJtalla  bar: 
sveet  clover  hay  wltb  altalta  bay;  liberal  tb.  limited  grain  rations: 
the  value  oF  atlage  In  rations;  beet  molasses  compared  with  com; 
and  the  value  ol  cottonseed  meal  In  rations  Cor  lambs.  The  results 
secured  from  this  trial  have  been  presented  In  Bulletin  170  and  are 
further  summarized  la  the  dlscusBloas  of  the  work  of  the  DlTlsloa 
of  Animal  Husbandry  In  this  report 

Bight  hundred  and  seventy-five  lambs  were  purchased  In  October, 
1922,  and  will  be  ted  at  the  station  during  the  winter.  Fourteen  lots 
of  fifty  lambs  each  will  again  be  fed,  following  much  the  same  plan 
as  the  previous  year  with  additional  attention  to  the  value  of  sUagea 
and  molasses. 

Steer  Feeding! 

Two  hundred  steers  will  be  fed  at  the  station  this  winter.  Tbey 
are  owned  by  F.  M.  Rothrocit  of  Sprague  and  B.  E,  McGregor  of 
Prosser  and  are  being  fed  on  margin.  They  will  be  fed  in  nine  lots. 
Four  specific  studies  will  be  Involved,  namely:  The  value  of  silage 
and  silage  plus  corn  in  addition  to'allalfa  hay  In  fattening  two-year-cdd 
steers;  the  quantity  of  corn  to  be  ted  with  hay  and  silage  to  fatten 
yearlings  profitably;  the  value  of  silage  In  a  hay  and  grain  ration  for 
fattening  calves,  and  the  economy  of  fattening  steers  as  calves,  as 
yearlings  and  as  two -year -olds.  The  lots  when  fattened  will  be  year- 
lings, two-year -olds  and  th  re -year-olds. 

Irrigation  Investigations  i 

Irrigation  investigations  were  begun  this  season  in  co-operation 
wltb  the  Office  of  Western  Irrigation  Agriculture  of  the  U.  S.  Depart- 
ment of  Agriculture,  The  following  summary  was  prepared  by  Mr. 
C  C.  Wright,  the  Irrigation  Bi^neer  assigned  by  the  office  mentioned 
to  this  station  to  carry  on  the  Irrigation  studies. 

In  preparation  for  these  Investigations,  four  combtnatloa  weir  and 
division  boxes  were  Installed.  These  were  equipped  with  Clppolettl 
weirs  and  automatic  water  registering  gauges.  Continuous  records 
were  kept  of  the  amount  of  water  passing  over  each  during  tbe  season 
and  the  weekly  fluctuations  of  the  water  delivered  to  the  farm  and 
the  total  for  the  season  computed.  The  number  of  acre  feet  per  acre 
delivered  under  each  delivery  was  respectively  3.29,  2.34,  3.07,  or  an 
average  of  3.13. 

With  the  view  of  arranging  deliveries  so  that  experimental  plots 
could  be  laid  out  and  served  with  the  least  waste  of  water  and  incon- 
venience to  other  fields,  about  3000  feet  of  eight. and  ten  inch  flume 
to  replace  eartb  ditches  and  small  worn  out  flumes,  nine  hundred  feet 
of  six  Inch  "thin  shell"  wood  stave  pipe  and  six  hundred  feet  of  six, 
«tght  and  fifteen  Inch  concrete  pipe  were  Installed. 

Six  and  four-tenths  acres  with  a  slope  varying  from  0.2  to  4.0  feet 
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in  100  leet  and  a  soil  oF  light  sandy  loam  and  weighing  aproslmately 
81.9  poundB  per  cubic  leet  were  prepared  for  irrigation  by  the  border 
method.  Twenty  l)orders  ranging  from  200  to  450  teet  la  length  and 
30  to  40  teet  In  width  were  laid  out.  The  40  foot  borders  were  pre- 
pared on  the  moat  level  ground  and  the  narrow  borders  on  the  steeper 
parts.  Considerable  dltflcult?  was  experienced  in  flooding  the  borders 
before  a  crop  was  established  because  the  soil  Is  bo  light  that  It 
washes  very  easily.  The  maximum  bead  of  water  available  was  l.S 
cubic  feet  per  second.  After  two  trial  irrigations  the  field  was  sown 
to  alfalfa  and  rye,  ditched  with  a  "Mormon"  ditcher  and  Irrigated  with 
furrows.  The  present  plan  Is  to  Irrigate  the  borders  by  the  furrow 
method  until  the  crop  la  well  aet.  With  some  additional  work  at  that 
time  it  Is  thought  that  the  borders  can  be  flooded  successfully. 

The  Irrigation  water  with  which  the  farm  Is  served  was  sampled, 
analyzed  tor  aalt  content  and  found  to  be  of  excellent  quality  for  Irri- 
gation water.  Twelve  samples  of  underground  water  were  gathered 
from  representative  parts  of  the  Yakima  Valley  and  analysed  tor 
comparison. 

Soil  moisture  studies  were  conducted  principally  in  connection 
with  the  border  eiperlment.  Soil  samples  were  taken  with  a  soil  tube 
Immediately  before  and  48  boura  after  Irrigation.  The  soil  waa  weighed 
as  it  came  from  the  field,  dried  In  a  soil  oven  at  a  temperature  of 
100  to  106  degrees  centigrade  and  re-weighed.  The  difference  In 
weight  represented  the  weight  of  the  soil  molature.  This  was  first 
converted  into  percentages  of  the  soli's  own  weight,  then  Into  inches 
of  water  by  the  use  of  a  table  prepared  from  the  formula; 

(  weight  of  1  cu.  ft.  dry  soil  __  weight  of  1  cu.  ft.  water 
'  100  IZ 

The  wilting  of  alfalfa  as  indicated  In  charts  (pp.  56-57)  Is  the  only 
average  result  of  two  sets  of  samples  but  it  probably  approximates 
tife  wilting  point  very  closely.  The  amount  of  water  held  when 
the  water  was  saturated  was  determined  In  the  laboratory. 

Soil  samples  were  also  taken  before  and  after  irrigation  on 
several  other  parts  of  the  farm  during  the  eeason  and  It'  waa  found 
that,  generally  speaking,  most  of  the  moisture  was  held  In  the  first 
four  feet.  Only  under  exceptionally  heavy  Irrigation,  a  torty-elgtat 
hour  run  for  instance,  did  the  samples  show  any  pronounced  increase 
In  the  tIRb  and  sixth  toot.  The  following  table  gives  the  average 
of  670  soil  samples  In  amount  of  moisture  held  before  and  forty-eight 
hours  after  irrigation. 
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Soil  Molstore  Percentages  Before  and  Alter  IrrlsmtloB 

let  toot   2nd  foot  3rd  toot   4th  foot    Stli  toot   6tb  foot 
After     Irrigation..     14.2  13.1  9.2  11.2  9.6  9.9 

Before    I rrl Ration . .    S.l  S.l  6.9  8.8  9.6  9.9 

Above  Pereentages  Covrerted  Into  Inches  of  Wat«r 
After    iTTlg&tton....      2.4  2.07  1.4S  l.TT  1.51  1.S6 

Before    Irrigation..        .80        1.20  0.93  1.39  1.60  l.EC 

Difference   1.44        0.79  0.52  0.38  0.01  0.00 

Ttie  results  bere  Indicated  were  obtained  by  totaling  the  weights 
of  all  the  moist '  samples  and  doing  the  same  with  all  the  dry  sam- 
ples for  each  foot  of  depth,  and  taking  tbelr  difference.  In  other 
worda,  the  moisture  percentages  were  computed  as  If  all  the  small 
samples  were  combined  Into  large  ones  lor  each  foot  depth,  one 
taken  before  and  one  after  irrigation. 

A  percolation  test  wae  run  on  one  field  to  ascertain  the  rate  of 
lateral  distribution  ol  moisture  and  the  rate  of  its  downward  move- 
ment. Two  things  were  Indicated,  first  that  the  lateral  moremsnt 
of  the  water  le  very  uniform,  and  second,  that  under  the  conditions 
of  the  experiment  a  24  hour  run  la  sufficient  for  the  irrigation  mois- 
ture to  meet  the  old  moisture  in  a  downward  direction  and  also  to 
meet  the  moisture  io  a  furrow  36  inches  away. 

A  series  of  soli  samples  were  taken  on  one  of  the  borders  to 
find  the  length  of  time  required  after  irrigation  for  the  soil  moisture 
to  come  into  equilibrium.  Water  was  allowed  to  run  on  the  border 
tor  48  hours  In  furrows  before  sampling  was  started  and  then  sam- 
ples were  taken  at  Intervale  of  six  hours  up  to  and  including  tbe 
4S  hour  period.  The  results  are  Indicated  in  the  following  table. 
Soil  Molstnre  Percentagea  Aftw  Irrigation 


(Water  "on"  48  hoi 

Samples  taken  Immediately 

after  Irrigation. 

Depth  Per  cent 

feet  moisture 

1.7 


Samples  taken  18  hours 
after  irrigation. 
Depth                                Per  cent 
feet                                 moisture 

Furrow  method.) 

Samples  taken  12  hours 
after  Irrigation. 
Depth  Per  cent 

feet  molstnre 

18.8 


Samples 
after 
Depth 
feet 

1  taken  24 
irrigaUon. 

hours 

Percent 
moistare 

3 2S.7 

6. 

'. 21.6 
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Samples  taken  30  hours 
after  Irrigation. 
Depth                                 Per  cent 
feet                                     moisture 

Samples  taken  36 
after  irrigation. 

Depth 
feet 

1 

hours 

Per  cent 
molstnre 

24.3 

...  :22  B 

E 

18.6 

Samples  taken  42  hours 
after  Irrigation. 
Depth                                 Per  cent 
feet                                 moisture 

Samples  taken  48 
after  Irrigation. 
Depth 
feet 

hours 

Percent 
moisture 

1».6 

21.0 

NOTE:     Moisture  content  before  irrigation 
Depth                                          Per  cent 
feet                                           moisture 

2 

16.5 

I         

6 

9.6 

8.1 

9.4 

In  the  Irrigation  studies  conducted  at  tbfs  station  It  is  proposed: 

1.  To  determine  and  compare  the  quantity  of  water  used  under 
different  Irrigation  methods,  chiefly  the.  border  and  furrow  methods. 

2.  To  determine  the  correct  soil  moisture  condition  for  maximum 
plant  growth. 

3.  To  experiment  with   methods  and  rates   of  application   that 
Till  maintain  this  soli  moisture  condition. 

1.     To   measure   water    and   make    soil    moisture    determinations 
In  the  Irrigation  of  different  crops  under  common  Irrigation  practice, 
ebll  water  applied  to  experimental  crops. 


THE    WATEKVILLE    BKAKCH    STATION 
C.  E.  HHI  In  Cli»r;r. 

All  experimental  work  on  the  Watervllle  Branc^  Station  baa  been 
conducted  under  dry  land  conditions.  The  normal  annual  precipita- 
tion for  the  past  30  years  Is  12.7  inches.  The  precipitation  for  the 
crop  year  ending  August  31,  1922,  was  7.49  Inches,  wblch  is  the 
lowest  on  record  for  this  station. 
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Tuletal  Trfatls: 

Varietal  trials  with  cereals  tor  ha;  aad  grain  production  have 
been  conducted  since  1919.  Elacb  year  winter  wheat  has  been  the 
most  profitable  crop  and  has  outylelded  spring  wheat  from  S  to  IS 
bnshelB  per  acre.  PrerionB  to  1919  very  little  winter  wheat  had 
been  grown  in  the  best  section  of  Douglas  County,  lying  west  and 
north  of  Watervllle,  and  eren  now  there  are  many  flelds  which 
have  never  been  sown  in  the  tall.  Howerer,  the  resnlts  obtained  with 
winter  wheat  have  been  so  outstanding  that  the  acreage  has  Increased 
each  year. 

So  far,  the  varietal  work  has  not  shown  any  new  varieties  of 
winter  wheat  that  can  be  recommended  in  place  ot  Tnrkey  tor  grain 
production  and  Jones  Fife  for  hay.  But  this  work  has  saved  the 
tarmers  the  expense  of  Importing  and  experimenting  with  a  nomber 
of  new  varieties  not  adapted  to  this  section  such  as  Kanred  and 
Bnrbank's  Wonder,  which  have  been  widely  advertised  in  dally  and 
tsrm  papers  as  being  superior  wheats  lor  the  dry  sections.  The  two 
Tarieties  named  are  being  tested  on  the  station  and  have  yielded 
less  than  local  Turkey  and  File  varieties. 

TllUge  Ex|»erlBent8t 

In  changing  the  cropping  ot  this  area  from  spring  wheat  to 
winter  wheat  there  has  been  a  demand  tor  information  on  the  best 
methods  ot  grtrtrfng  the  new  crop.  For  this  reaaon,  there  has  been 
a  greater  interest  taken  In  the  tillage  experiments  than  in  any  other 
line  ot  work  conducted  on  the  station.  Farmers  have  observed 
that  the  methods  of  tillage  which  have  been  employed  In  this  section 
tor  growing  spring  wheat  have  not  given  the  best  results  with 
winter  wheat. 

The  tilli^e  work  on  the  station  includes  all  methods  in  vogne 
In  the  dry  sections  ot  the  Northwest.  The  most  outstanding  results 
In  1922  were  obtained  from  teats  comparing  early  and  late  preparation 
of  the  summer  tallow.  The  results  are  indicated  In  the  following 
table: 

Tield 
•Tillage  Grain  Hay 

Bn.  Urn. 

Disked  April  15— plowed  May  10 35.9  5610 

Not    disked  30.1  4280 

Disked  April  15~plowed  June  20 ^ 33.4  5150 

Not   disked 20.8  8790 

Disked  April  15 — not  plowed 36.4  5400 

These  results  show  the  value  of  early  tillage  In  the  spring.  As 
a  large  acreage  In  the  Big  Bend  area  is  plowed  each  year  In  June 

'All  plats  were  kIv«ii  clean  tillage  after  plowina  until  time  ot  seadlns 
la  the  tall.  The  plats  disked  but  not  blowed  were  also  given  clean  tilUce, 
usInK  a  spring  tooth  liarrow  and  a.  rod  weeder. 

(iO 
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without  being  disked  to  kill  early  growth  at  volunteer  wheat  and 
weeds  which  rob  the  Boil  of  molBtura  and  available  plant  food,  these 
experiments  also  Indicate  the  posslblllttea  of  Increasing  production  on 
farms  In  this  section. 

Other  results  from  the  tillage  experluieuts  In  1922  are  shown  In 
the  following  table: 


S«pHi  of  FIowliiK  and  PatUng  After  Flowing,  In  Connection  Wltb 

Time  of  Flowing  and  Tillage  Before  Plowtn;  tor 

Winter  Wheat  ProdnctloB. 


Table  A— YIELD  OF  SEED 

Disked  April  16  Not  Disked  Not  Disked 

Depth  of                  Plowed  June  20  Plowed  June  20  Plowed  May  10 

Plowing                                   Not  Not  Not 

Pcltd.  Pckd.  Ave.  Pckd:  Pckd.  Ave.  Pckd.  Pckd.  Ave. 

Bu.  per  acre  Bu.  per  acre  Bu.  per  acre 

Deep    11'    33.7      31.7      32.7  19.3      19.3      19.3  29.0      28.3      28.6 

Medium   7" 32.0      33.7      32.8  22.0      19.0      20.5  31.0      30.0      30.6 

Shallow  i" 33.7     35.7     34.7  23.7     21.3     22.5  32.3     30.0     31.1 

Average  33.1     33.7     33.4  21.7     19.9     20.8  30.8     29.4     30.1 

Table   B— YIELD  OF   HAY 

Disked  April  16  Not  Disked  Not  Disked 

Depth  of                  Plowed  June  20  Plowed  June  20  Plowed  May  10 

Plowing                           Not  Not  Not 

Pckd,  Pckd.  Ave.  Pckd.  Pckd.  Ave.  Pckd.  Pckd.  Ave. 

Lbs.  per  acre  Lbs.  per  acre  Lbs.  per  acre 

Deep    11" 6320     4760     5040  2620     2700     2660  4160     4120     4140 

Medium    7' 4840    5380    5110  2800    2660    2730  4300    41S0    4240 

Shallow  4' 4960    5660    5310  8020    2960    2990  4480    4440    4460 

Average    6040    5267    6153  2813    2773    2793  4313    4247    4280 

Harrowing  Winter  Wheat  In  the  Spring: 

Experiments  to  determine  the  value  of  the  practice  ol  harrowing 
winter  wheat  in  the  spring  have  been  conducted  since  1919.  In 
no  year  have  the  yields  been  Increased  by  harrowing.  The  lower 
yields  are  caused  by  many  of  the  plants  being  killed  In  harrowing, 
covering  the  wheat  with  clods,  retarding  the  growth  and  weakening 
the  plants  so  that  wire  worms  do  greater  damage.  The  average 
yields  (or  four  rears  from  harrowing  at  different  times  each  year  are 
as  follows:  Not  harrowing,  27.1  bushels  per  acre;  harrowed  early 
spring,  23.3  bushels;  harrowed  medium  early  spring,  24.7  bushels, 
and  harrowed  late  spring,  26.4  bushels.  Th&  earliest  harrowing  was 
done  each  year  as  soon  as  the  ground  was  dry  enough  to  be  worked 
and  before  a  crust  had  formed.  The  greatest  damage  was  done  by 
harrowing  at  this  time.  The  later  harrowing  tests  were  done  at 
Intervals  of  from  two  to  three  weeks. 

61 
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j^eed  Trefttmeatt 

The  new  meUiod  of  treating  wheat  with  dry  copper  carbonate 
has  given  satlBtactory  results  In  the  control  of  emut,  without  caaBtag 
any  apparent  Injury  to  the  germination  of  the  seed.  'Wlille  the  new 
method  Is  an  Improvement  over  the  bluestone  and  formaldehyde 
treatments,  which  often  cause  poor  germination.  It  la  the  aim  of  this 
station  to  find  smut  proof  varieties  which  can  be  sown  without 
treatment  and  which  will  equal  the  present  varieties  In  yield  and 
quality.  P^ve  smut  proof  varieties,  two  obtained  from  the  main 
Experiment  Station  at  Pullman  and  three  from  the  Dry  Land  Station 
at  Moro,  Oregon,  were  sown  on  the  Waterville  Station  In  the  tall  of 
1&22.  Excellent  stands  were  obtained  and  the  results  will  be  watched 
with  Interest  in  1923. 
Kotatlon  Experiments: 

Preliminary    rotation    experiments.    Including    forage   and    cereal 
crops,  have  been  conducted  each  year  with  a  view  of  working  out  a 
permanent  series.     Ground  waa  prepared  In  1922  and  it  ia  planned 
to  start  the  permanent  work  in  1923. 
Iispectlon  of  the  StoUon  b7  Faraent 

The  number  of  farmers  who  visited  the  Station  in  1922  was  more 
than  double  that  of  any  previous  year.  The 'Annual  Field  Day  held 
In  July  In  co-operation  with  the  Waterville  Chamber  of  Commerce 
and  the  County  Agent,  was  probably  the  largest  gathering  of  the 
kind  in  the  history  of  Douglas  County.  The  Chamber  of  Commerce 
served  a  free  lunch  at  noon  to  over  500  farmers. 


PUBLICATIONS 

The  following  bulletins  were  prepared  by  members  of  the  Experi- 
ment Station  staff  and  published  during  the  year.  In  addition,  a 
considerable  number  of  papers  were  prepared  and  published  in 
technical  Journals. 


Qeneral  Bulletins 

186    The  Silt  Loam  Soils  of  Eastern  Washington  and  Their  Manage- 
ment, by  F.  J.  Slevers  and  H.  F.  Holts. 

167  Thirty-flrat  Annual  ReporL 

168  The   Dusting  of  Wheat   for   Bunt  or  Stinking  Smut,  by  F.    D. 
Heald  and  L.  J.  Smith. 

1G9    Hog  Feeding  Experiments,  by  H.  Hackedorn  and  J.  Sotola. 
170    Lamb  Feeding  Experiments  at    the   Irrigation  Branch   Station, 
by  H.  Hackedorn.  R.  P.  Bean  and  J.  Sotola. 
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FINANCIAL  STATEMENT 

WASHINGTON  AGBICCLTUBAL  EXPERIMENT  STATION 

In  aceoDDt  with 

THE  UNITED  STATES  APPRO FRIATIONS,  IKl-llHS 

Dr.  Hatch  Adams 

Receipts    from    the    Treasurer    ot   the    United 

States,  as  per  appropriations  tor  fiscal  year 

ended  Juae  30,  1922,  under  acts  of  Congress 

approved  March  2,  ISST   <Hatcb  Fund),  and 

March  16.  1908  (Adams  Fund) (15.000.00        (IS.OflO.OO 

Cr.                                    Abstract 
By  Salaries 1 

Labor    2 

Publications 3 

Postage  and  stationery  >....      4 

Freight  and  express  5 

Heat,  light,  water  and  power 6 

Cbemicals  and  laboratory  supplies 7 

Seeds,  plants  and  sundry  supplies S 

Fertilizers    9 

Feeding  stuffs  10 

Library   ;. 11 

Tools,  machinery  and  appliances 12 

P^rniture.and  Hztures  13 

Scientific  apparatus  and  specimens 14 

Live  stock  16 

TraTeling  expenses  16 

Contingent  eipenaea   17 

Buildings   and   land 18 

Balance  

Total    (15,000.00         115,000.00 


8,636.61 

2,371.78 

12.783.28 

1.154.56 

44.11 

12.62 

53.04 
189.30 

124.22 
22.38 

22.U 
75.S5 
335.25 

122.41 

3.67 

616.57 

1.108.60 

189.30 

FINANCIAL  STATEMENT 

State  Funds  Expended  on  the  Main  Station  and  Alt  Branch  Stations 

(Excepting   the   Western    Washington    Station,   which     Is     operated 

independently) 

April  1,  1921,  to  March  31,  1922 

State 

Dr.  Appropriations    Sales  Total 

To  balance  on  hand  (     597.14    %     697.14 

Receipts  from  other  sources  than  the 
U.  S.  tor  the  year  ended I55.3S6.61      29.671.92      86,067.53 

Total    .(55.385.61  (30.269.06  (85,654.67 

Cr. 

■  Salaries    (23,267,25  (      928,34  (24,196.69 

Labor  13,093.98  6.444.89  19,538.67 

Publications    82.62  965.73  1,048.35 

Postage,  stationery,  telephone  and  tele- 
graph           934,90  248,69  1,183.49 

ti:{ 
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FUTAIfCIAL  STATEMENT— Continied 


Cr. 
Freight  and  express 

State 
AppropiiaUona 
..- «07.48 

Sales 
290.46 
10.60 
205.00 
614.57 
1S.20 

2,764.14 
U8.10 
185.16 
104.72 
10.21 

8,009.32 
488.46 
606.59 

8,263.29 

Tot&l 
S97.94 

6,87T9S 

113.16 

3.123.66 

ForUllBerB    „ 

Feeding  stulfs  

JUbrary 

96.95 
369.42 

Tools,  machinery,  appliances 

Furniture  and  Uxturea 

Scientific   apparatus    ..„ „ 

Uve  Btoofc  

2,788.90 

309.46 

24S.99 

„ 697.00 

-- 3^41.86 

2,974.06 
414.17 
264.26 
8,706.32 
4,030.31 
3.218.61 

(66^86.61    i 

Total   

130,269.06 

FmANCUL  STATEMENT 
Western  WnsUngton  SUUon 

April  1,  1921.  to  March  31,  1922 
State 

Dr.                            Appropriations    Sales  Total 

To  Balance  on  hand....„ $     902.78  $     902.78 

Receipts  „ »49.289.I7      19.926.67  69.216.84 

Total    149,289.17     |20,829.45  170.118.62 

Cr. 

Salaries    „ 119,373.06    $  4.S1I.60  $23,884.66 

Labor    „ 12,437.84         3.169.77  15.607.11 

Publications    1,064.19        3,686.63  4.S90.82 

Postage,  telephone  and  telegrapb. 760.74        1.36T.0S  2,I17.S2 

Freight  and  express  241.63             26.96  268.48 

Heat,  light  and  water  1,083.46            145.69  1,229.16 

Seeds,  plants  and  sundries _ „..::;,  3,135.13        3.136.13 

FerUiiiera   ■     120.97        120.97 

Feeding  stuffs  „ 7,877.11        2,078.31  9.955.42 

Library  _ 10.00             95.28  105.28 

Tools,  machinery,  appliances 316.S8           205.99  521.37 

Furniture  and  fixtures „ _ 108.60           256.20  364.80 

Live  stock  „ _ 30.00           717.68  747.88 

Trarellng  expenses   1,006.61           632.13  1,638.64 

Buildings  and  lands _ 1,736.16        1,483.13  3,218.29 

Balance  ^ ....- 2,813.01  8,813.01 


Total   , 


....$49,889.17    120.889.46    $70,118.6! 
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